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*: PRELIMINARY 


1. Dynamic RAM 


Access Time Max. | Power Dissipation 
Capacity Device Number | Organization | Process peu сусе Sanit | Max. (mW) | Pins ale pue 
аё ЦЕ tRAC tcac | Min. (ns) (У) Active | Standby ади 
ТММ416Р—2 | 150 100 320 +5 | МК4116-2 
16K Bit | TMM416P—3 16.384x1 | NMos | 200 | 135 | 375 -5 462 20 | 16 |MK4116-3 
| TMM416P-4 250 165 | 410 м2 МК4116-4 
ТММ4164Р-2 120 | во | 260 | 
| TMM4164P—3 150 100 | 260 45 | 275 275 | 16 => 
_ | TMM4164P—4 200 135 | 330 | 
вакви мар. 65536х1 | NMOS | ->--5-- [2 | 
| TMM4164AP—15 150 | 75 260 45 | 275 22 16 = 
ТММ4164АР-20 |. 200 wo | so | — | =| 
256K ДШ ы ылай 55 ладу | NMOS 1120 ed ES | a = O3 a 16 = 
«| TMM41256C-15 š | 150 75 260 275 Я 
Note; TMM41256C : Page Mode Parts 
2. Static RAM 
[ ] u l 7 Э jm Power Dissipation 
Capacity | Device Number | Organization | Process | Time po | Fed Max. (mW) ping | Alternate 
"T кыр Мах. (ns) | Min. (пв) (V) Active | Standby Source 
TMM314AP— | 200 | 200 i2114—2 
TMM314AP—3 300 300 550 = i2114-3 
“TMM314AP — | | 450 | 450 12114 
1,024x 4 | NMOS ——. — +5 - 18 
TMM314APL-1 | 200 200 i2114L-2 
.. [ TMM3I4APL-3 | зоо 300 385 = i2114L—3 
АК Bit ГТММЗТААР_ - ЕЕ ma s i2114L 
TMM2114AP—12 120 i20 | 
EEA 1,024 x 4 NMOS о | 160 ] тво | +5 330 = |. 18 al 
TMM315D-1 | 55 55 990 165 
1 тммэтео 4,096 x ' | NMOS m | 7 +5 T E T 1 18 asas 
ТММ2016Р/0-1 | 100 100 | 660 83 
TMM2016P/D | 2,048x8 | NMOS 150 150 +5 550 83 24 |(HM6116) 
| TMM2016P/D—2 200 | 200 1 70 | 165 
| TMM2016AP—90 | 1 | s 90 [440 | 
TMM2016AP—10 | 100 100 | 358 
"rwwzorGap-2 | 2048х8 | NMOS L — m] * = | 38.5 24 | (HM6116) 
16K Bit | TMM2016AP—15 150 150 | 358 
oc -o]| 0 ~ ШЕГЕН ШЕ”! | адо ] | 
PSS | ume a оер араса — 38.5 24 = 
“| ТММ2015АР-12 120 120 358 
*| TMM2015AP—15 150 | 150 1 358 
PUS S d pinta ce | INMOS = 22 L e as 788 105 24 = 
 [TMM2018D-55 | 02-777 ë 55 Л 55 | | 


Note; Package TMM2016AP 0.6 inch width DIP 
TMM2015AP: 0.3 inch width DIP 
TMM2018D: 0.3 inch width DIP 


Note; Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat 
*Preliminary: These are target specifications and are subject to change without notice. 


3. CMOS Static RAM 


Device Number 


Organization 


Alternate 
Source 


TC5501P 
TC5501 P-1 


256x4 


i5101L—1 
i5101L 


TC5047AP-1 
TC5047AP-2 


1,024 x 4 


uPD445 


TC5504AP/AD-2 | 


TC5504AP/AD—3 


ке = 
TC5514APL/ADL-2 


1.024x 4 


— —.  — — 
TC5514APL/ADL-3 


+ 
| 


(HM6504) 


18 


— (НМ6514) 


| TC5513AP/AD—20 


| TC5513APL/ADL -20 


1,024x 4 


CMOS 


18 


[TC551MP | 
| TC5514P-1 


— 1.025 «4 


L- 


CMOS 


18 


16K Bit 


64K Bit 


TC5516AP/AD/AF —2 


| TC5516AP/AD/AF 
TC5516APL /ADL/AFL—2 


2,048 x 8 


[TES 6APL/ADL/AFL 
TC5517AP/AD/AF —2 
TC5517AP/AD/AF 
TC5517APL/ADL/AFL. 


beeches aime 
TC5517APL/ADL/AFL 


“2 2,048 x B 


CMOS 


385 


385 


| TC5517BP/BD/BF —20 


TC5517BPL/BDL/BFL—20 


2,048x 8 


CMOS 


55 


| ТС5518ВР/ВО/ВР 20 | 
TC5518BPL/BDL/BFL-—20, 


2,048 x 8 


CMOS 


“| ТС5564Р—10 
* | TC5564P—15 

* | TC5564PL-10 
* | TC5564PL-15 


B,192x 8 


CMOS 


55 


[ TC5565P—12 

| TC5565P—15 
TC5565PL-12 
TC5565PL-15 


Note Package Material Р: Plastic 


С: Ceramic D: Cerdip  F:Plastic Flat 
*Preliminary: These are target specifications and are subject to change without notice. 


(TMM2016) 
(HM6116L) 
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4. Erasable Programmable ROM 


| Access | Cycle Power Alt š: 
Capacity Device Number Organization Time Time | Supplies | gii са 
| Max. (ns) | Min. (ns) (v) | UON 


200 


Power Dissipation 


| TMM2764D-2- 


TMM2764D 
бак Bit  - — 8,192 8 
TMM2764DI—2 


| TMM2764DI 
| TMM27128D—20 
TMM27128D—25 


— --- 


128K Bit 16,384 x 8 NMOS = 28 |i27128 


Note;  TMM2764DI/DI-2: (Operating temperature range: —40°C ~ 85°C) 


5 Mask Programmable ROM 


Power Dissipation 


Max. (mW) Я Alternate 
Есе — Pins Source 


Access Cycle Power 


Capacity Device Nnumber Organization Time Time Supplies 
| | | _ Max. (ns) Min. (ns) (v) | Acti | Standby | ШОМ 
16K Bit — TMM334P | 2,048 x 8 | 450 | | — | 2 jke 


зэк ви | TMM333P pe 450 24 | TMS4732 
i 1 * Е | ew s= 
it UTMM2332P ? 350 | з | 24 |12332 


TMM2364P | 25 | 28 12364 


64K Bit TMM2365P 8.192x 8 200 | | | | | 28 (02364) 
TMM2366P | 200 T 24 | MK36000 


128K Bit * TMM23128P 16,384 x 8 200 
256K Bit TMM23256P 32,768 x 8 150 


6. CMOS Mask Programmable ROM 


wee | cm | ome, DUMP 


Capacity Device Number Organization Process Time Time Supplies | 
| | ‚_ Max. (ns) Min. (ns) | (v) _ Active 
TC5332P 450 
[TC5333 — | [Га | 
32K Bit ee 
TC5334P 


" Alternate 
Standby | d Bourse 
‚ TMM2332 

(TMM2332) 
| TMM333 


| 
| 


[TC5335P | : | | 22 ,(TMM333) 

+ | TC5364P TMM2364 

64K Bit * TC5365P ^| 8192x8 Ë | . | TMM2365 
* ` TC5366P ] | TMM2366 


256K Bit * TC53256P | 32768x8 | | . (TMM23256) 


Note Package Material Р: Plastic С: Ceramic D: Cerdip F: Plastic Flat 
*Preliminary: These are tartet specifications and are subject to change without notice. 


DYNAMIC RAM 


TOSHIBA DYNAMIC RAM 


16K BIT 


256K BIT 


ТММ4164Р-2 


(120 ns) 


TMM4164AP—12 


(120 ns) 


* 
TMM41256C- 12 


(120 ns) 


TMM416P—2 


(150 ns) 


TMM4164P-3 


(150 ns) 


TMM4164AP—15 


(150 ns) 


* 
ТММ41256С-15 


(150 ns) 


TMM416P—4 


(250 ns) 


TMM416P-3 


(200 ns) 


TMM4164P—4 


(200 ns) 


TMM4164AP—20 


(200 ns) 


*: PRELIMINARY 


V8IHSOL 


TOSHIBA STATIC RAM (NMOS STATIC RAM, CMOS STATIC RAM) 


TMM2114AP—12 
TMM2114AP—15 


(120 ns/150 ns) 
TMM315D 


(70 ns) 


TMM2016P—1 


TMM314AP 
TMM314APL 


1450 ns) 


TMM314AP-1 
TMM314APL 


(200 ns) 


TMM314AP 
TMM314APL-: 


(300 ns) 


TMM315D-1 


(55 ns) 


ТММ20180-45 


TMM2016P TMM2016P—2 


ТММ20180--55 
ТЕГТІ (100 ns) (150 ns) (200 ns) 
(90 ns) ы (100 ns) £ (120 ns) & (150 ns) 
(90 ns) (100 ns) (120 ns) (150 ns) 
(450 ns) (650 ns) 


(550 ns) (800ns) 


TC5514AP-2 TC5514AP—3 [—] TC5514P |Ң TC5514P-1 
TC5513AP 

(450 ns) (650 ns) 
TC5504AP—2 TC5504AP—3 


(200 ns) (300 ns) 


TC5516AP-2 TC5516AP 

ТС5517АР-2 TC5517AP 
(250 ns) 

TC5517BP—20 

TC5518BP—20 


(200 ns) 


TC5564P—15 


(100 ns) (150 ns) 
TC5565P—12 f ТС5565Р—15 
(120 ns) (150ns) 


*: PRELIMINARY 


TOSHIBA EPROM 


64K BIT 


(200 ns) 
128K BIT TMM27128D—20 
(200 ns) 


g TMM2764DI 


TMM2764D 


(250 ns) 


TMM27128D—25 


(250 ns) 


DI version: Operating Temperature = —40 ~ 85°C 


TOSHIBA MASK ROM (NMOS MASK ROM, CMOS MASK ROM) 


2K 


16K BIT 
32K BIT 4K x8 


8K x8 


TMM2332P 


(350 ns) 


* 


x 
со 


128K BIT 16K x 8 TMM23128P 
(200 ns) 

256K BIT 32K x 8 TMM23256P 
(150 ns) 


TMM2364P 


(250 ns) 


TMM2365P 


TMM2366P 


(200 ns) 


TC5332P, TC5333P 


CMOS 32K BIT АК x8 


TC5364P 


TC5365P 
TC5366P 


64K BIT BK x8 


(250 ns) 


256K BIT 


TC5334P, TC5335P 


(450 ns) 


* 
š *: PRELIM 


(350 ns) 


TMM334P 


(450 ns) 


TMM333P 


(450 ns) 


INARY 


V8IHSOL 


MEMORY SELECTION GUIDE 1. 


TC5047AP—2 


Note; *: Preliminary 


TC5501 P 


TC5514P—1 


TC5047AP—1 


TC5501P 


TMM314AP 
TC5514P 


TC5332P 
TC5333P 
TC5334P 
TC5335P 
TMM333P 


ACCESS TIME (ns) 


TMM314AP—3 
TC5514AP—3 
TC5504AP—3 


TMM314AP—1 


TC5514AP—2 
TC5513AP—20 


TC5516AP 
TC5517AP 


TMM2016P—2 
TMM416P-3 
TC5516AP-2 


TMM416P-4 


TCC5517AP—2 
*TC5517BP—20 
*TC5518BP—20 


* TC53256P 


TMM2764D 
TMM2364P 
*TC5364P 
*TC5365P 
*TC5366P 


TMM27128D—25 


TMM4164P—4 
TMM2764D-2 
TMM2365P 
TMM2366P 
ТММ4164АР-20 


ТММ271280-20 
“ТММ23128Р 


TMM2114AP—12 
ТММ2114АР-15 


ТММ2016Р 
TMM2016AP—12 
TMM2016AP—15 


*TMM2015AP— 12 
“ТММ2015АР-15 
TMM416P-2 


TMM4164P—2/3 
TMM4164AP-12/15 
*TC5564P—15 
ТС5565Р-12/15 


TMM23256P 


TMM315D 
TMM315D—1 


TMM2016P—1 
TMM2016AP—10 
TMM2016AP—90 


*TMM2015AP—10 


*TMM2015AP—90 
TMM2018D—55 


*TC5564P—10 


*TMM41256C-12 
*TMM41256C- 15 


[C mene ERI ISOLA | 


1K Bit 


4K Bit 


16K Bit 


32K Bit 


64K Bit 


128K Bit 


256K Bit 


MEMORY SELECTION GUIDE (2) 


Memory Capacity 


16K Bit 


Dynamic RAM 


TMM416P 


| 32K Bit 


64K Bit 


128K Bit | 256K Bit 


TMM4164P 
TMM4164AP 


*TMM41256C 


Nch Static RAM 


TMM314AP 
TMM2114AP 
TMM315D 


T 


TMM2016P 
TMM2016AP 
*TMM2015AP 
TMM2018D 


CMOS Static RAM | TC5501P 


e 


TC5047AP 
TC5514P 

TC5514AP 
TC5513AP 


TC5517AP/AF 
TC5516AP/AF 
*TC5517BP/BF 
*TC5518BP/BF 


*TC5564P 
TC5565P 


TMM2764D 
[en 


Nch MASK ROM 


*PRELIMINARY 


TMM334P 


= 


TMM333P 
TMM2332P 


TC5332P 
TC5333P 
TC5334P 
TC5335P 


TMM2364P 
TMM2365P 
TMM2366P 


*TC5364P 
*TC5365P 
*TC5366P 


TMM27128D 


*TMM23128P 


TMM23256P 


= ШІ 


MEMORY SELECTION GUIDE (3) 


TC5501P 


TMM315D 
ТС5504АР 


ТММ416Р 


ТММЗ14АР TMM2114AP 
ТС5047АР ТС5514Р 
TC5514AP ТС551ЗАР 


ТММ2016Р ТММ2016АР 
*TMM2015AP ТММ20180 
TC5516AP/AF ТС5517АР/АҒ 
*TC5517BP/BF *TC5518BP/BF 
TMM334P 


TMM2332P TMM333P 
TC5332P TC5333P 
TC5334P TC5335P 


*TC5564P TC5565P 

*TC5364P TMM2364P 
*TC5365P TMM2365P 
*TC5365P TMM2366P 
TMM2764D 


TMM27128D 
*TMM23128P 


65,536 


TMM4164P 
TMM4164AP 


TMM23256P 
*TC53256P 


262,144 


*PRELIMINAR Y 


*TMM41256C 


TOSHIBA 
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EPROM (TMM27128) 


- 
aa 
== МЕ 


“ОМ `O'N ON ‘ON аал ON 


| MROM (TMM23256) 


о к 
кы: 


12 = 


CROSS REFERENCE 


1; 


16 K Bit Dynamic RAM 


150 ns 


200 ns 


TOSHIBA 


250 ns 


Toshiba 


TMM416P—2 


TMMATGP-3 | 


TMMATGP-4 | 


Fairchild 


F16K—3 


— 


F16K4 


Fujitsu 


Hitachi 


HM4716A—2 


Intel 


2117-2 


MB8116E | 


MB8116N 


HM4716A—3 


НМ4716А-4 


2117-3 


1 


2117-4 


__1М7116—3 


IM7116—4 


Intersil 
Mitsubishi 


“Mostek 


Motorola 


М5К4116-2 E 
K41 


МК4116-2 | 
МСМ4116С-2 


National Semi. 


|ММ5290-2 


МЕС 


2, 


3. 


Access Time | 
Toshiba 


TI 


64K Bit Dynamic RAM. 


иРО416С/О—3 


М5К4116—3 


M5K4116—4 


МК4116-3 ` 


+ 


МК4116-4 


МСМ4116С-3 


MCM4116C—4 


MM5290—3 
uPD416C/D—2 


uPD416C/D—1 


TMS4116—15 


120 ns 


TMS4116—20 - 


150 ns 


TMS4116—25 


200 ns 


— TMM4164P-3 


TMM4164P—4 


‘Tosh iba 


TMM4164P—2 


Hitachi 
Intel 


Mitsubishi 


Motorola 
NEC 


=) 
= 


MB8264—15. 


MB8264—20 


HM4864—2 


HM4864—3 


2164—15 


2164—20 


| 


M5K4164N-15 


M5K4164N—20 


| MCM6665—15 


MCM6665—20 


uPD4164—3 


uPD4164—2 


OKI 


MSM3764—12 


MSM3764—15 


MSM3764—20 


TI 


4K Bit Static RAM 


1,024 x 4 


| TMS4164-15 


TMS4164—20 


4,096 x 1 


200 ns 


300 ns 


450 ns 


55 ns 


70 ns 


ILL 


TMM314AP-3/APL-3 | 


TMM314AP/APL | 


. ТММ3150-1 


S LMMSISD 


AND 


Am9114EPC 


AMI [ 


S2114-2 


MMEM A RAPLA 


Am9114CPC 


Am9114BPC 


$2114-3 


Fujitsu 
Hitachi 


_МВ8114ЕГ 
НМ472114АР-2 


MB8114NL 


$2147 


MB8147H 


MB8147E 


HM472114AP-3 


HM472114AP-4 | 


HM6147-3 


HM6147 


Intel 


2114-2/12 


Intersil 


IM7114-2/L2 ` 


Mitsubishi | 
Motorola | 


M5L2114LP, S-2 


2114-3/L3 


2114/L 


21473 


| 2127 = 


IM7114L 


M5L2114LP, S-3 


MBL2114LP, 5 


MCM2114-20 


+ 


MCM2114-30 


MCM2114-45 


MCM2147-55 


MCM2147-70 


National 


MM2114-2/—2L 


MM2114-3/—3L_ 


MM2114/—L 


MM2147-3 


MM2147 


NEC 


_ uPD2114LC/D-3 | _иРО21141С/О-1 


$ҮМЕВТЕК 


uPD2114LC/D 


| 
+ 


uPD2147D-3 


uPD2147D-2 


SY2147 


TI 


TMS4045-20 


+ 


TMS4045-45 


13) — 


TMS2147-5 


TMS2147-7 


TOSHIBA 


4. 1K/4K Bit CMOS RAM 


1K Bit 


256 x 4 


Toshiba TC5501P 


TC5047AP 


1,024 x 4 


4 K Bit 


1,024 x 4 


4,096 x 1 


TC5514P 
TC5514AP/TC5513AP 


TC5504P 
ТС5504АР 


Fujitsu 


Harris 
Hitachi 
Intel 


HM6501 
HM435101 
i5101L 


Intersil 


Mitsubishi 


M5L5101P-1 | 


MB8414 


MB8404 


J HM6514 


HM6504 


HM4334 


"| 
E 
| 
| 


| IM6514 


| М589815-45. 


717 uPD5101 


5. 16 K Bit NMOS/CMOS Static RAM 


uPD445 


uPD444 


М5М5114 


М5М5104 


MWS5114 


ROM (EPROM & MROM) 


EPROM 
64 K Bit 


Toshiba TMM2764D 


32 K Bit 


TMN333P | 
TC5334P 
 TC5335P 


Fujitsu 
Hitachi 
intel _ 
Mitsubishi ` 


Mostak | i | b I | | 


HN482764 — | 
12764 


MB8332 


HM46332P | 


| M58333 
MK32000 


Motorola š 3 
NEC 
Oki 


MSM2764AS 


__цРО2332 


aan 16 K Bit 

i NMOS | CMOS 

' ТММ2016Р 
Toshiba | TMM2016AP _Tess16ap ТС5517АР/ВР _Tess186P 
Fujitsu | MB8128 — — MB8417 - . TM846 | | MB8418 
Hitachi |  (HM6116| = (HM6116) | (HM6117) 
Mitsubishi | M58725 0895 | | === 
NEC _ J uPD4016 _ e |і uPD447 _ ШЫЛ |. wPD446 | =i uPD449 
OKI MSM2128 MSM5127 MSM5128 MSM5129 


MROM 
= 


ишы | ТММ2364Р 


ТС5332Р 
TC5333P 


MB8333 - 


+ 


TMM2365P | 


TMM2366P 


` MB8364 


HN48364 


i2332 | 12364 


M58735 ДЫР 
MK37000 


M58334 


_ MK36000 


иРО2364 


т! 


TMS4732 
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Dynamic Random Access Memories 


TOSHIBA MOS MEMORY PRODUCTS 


16384 WORD x 1 BIT DYNAMIC RAM 


N CHANNEL SILICON GATE MOS 


ТММ4 16Р-2, TMM416P-3, 
TMM416P-4 


DESCRIPTION 


The TMM416P is a 16,384 words by 1 bit MOS 
random access memory circuit fabricated with 
TOSHIBA s double poly N-channel silicon gate proc- 
ess for high performance and high functional density. 

The TMM416P uses a single transistor dynamic 
storage cell and dynamic control circuitry to achieve 


FEATURES 


e 16,384 words by 1 bit organization 


high speed and low power dissipation. Multiplexed 
address inputs permit the TMM416P to be packaged 
in a standard 16 pin plastic DIP. This package size 
provide$ high system bit densities and is compatible 
with widely available automatic testing and insertion 
equipment. 


e Output unlatched at cycle end allows two-dimen- 
sional chip select 

e Common 1/О capability using "Early Write” opera- 
tion 

e Read-Modify-Write, RAS-only refresh, and Page- 
Mode capability 

e All inputs and output TTL compatible 

e 128 refresh cycles / 2 msec 

e Compatible with MK4116 


BLOCK DIAGRAM 


O On 


No. 2 CLOCK 
GENERATOR 


INHIBIT 


ODouT 


LATCH 


e Fast access time and cycle time 
B DEVICE tRAC Г tac 
TMM416P-2 150 ns | 320 ns 
| 
TMM416P-3 | 200 ns | 375 ns 
| ТММ416Р-4 250 ns 410 ns 
e Industry standard 16 pin plastic DIP 
e Standard + 10% power supply (+12V, + БМ) 
e Lower power: 462mW operating (max.) 
20mW standby (max.) 
PIN CONNECTIONS 
(TOP VIEW) 
vast: waive 
DiN[]2 Lr 
WRITE [13 
RAS[]a 
АоЦ5 xs 
А; Це l 
А1 07 
Уро ds Ae 
A 
PIN NAMES ` 


RELEASE 


MEMORY ARRAY 
(128 x 64) 


DUMMY CELLS (128) 


SENSE AMPS (128) & 
COLUMN DECODER (1/64) 


DUMMY CELLS (1281 


Ao A6 Address Inputs voo o— 
“CAS Column Address Strobe ee 
2 Vss o— 
DiN Data In + 
—T Vas O— 
Dout | Data Out 
RAS Row Address Strobe 
WRITE | Read/Write Input 
Ves Power (—5V) 
Vee Power (+5V) 
ЕТ Power [+12V) 
Vss Ground 


MEMORY ARRAY 
(128 x 64) 
As 


M = 


ABSOLUTE MAXIMUM RATINGS 


RATING 


Voltage on any pin relative to Увв 


Voltage on Vpp, Vcc supplies relative to Vss 


Увв-У55 (Vpp-Vss > ОУ) 


Operating temperature 


Storage temperature 


Power dissipation 


| Soldering temperature · Time 
| 


Short circuit output current 


RECOMMENDED DC OPERATING CONDITIONS 


(Ta = 0 ~ 70°C) (Note 2) 


E PARAMETER | MIN. | TYP. MAX. UNITS NOTES 
L 10.8 а 12.0 13.2 [ у 3 | 
45 50 | 5.5 у 3.4 
Supply Voltage 2 0 - 0 I V -- 3 
-45 | -50 | 55 v | 38 | 
Input High Voltage, RAS, CAS, WRITE 2j 7.0 у 3 
Input High Voltage, except RAS, CAS, WRITE 24 7.0 V 3 
Input Low Voltage, all inputs -10 | | o8 | v 3 
(Мор = 12.0V+ 10%, Vcc = 5.0V + 10%, Vss = OV, Vegg = —5.0V + 10%, Ta = 0°C ~ 70°С) (Note 2) 
SYMBOL PARAMETER | min. | мах. | units | NOTES | 
lpo1 | OPERATING CURRENT I 5 | mA | 5 | 
| Average power supply operating current 1 [- | 6 
(RAS, CAS cycling : tae = minimum value) | | 200 =I HA | 
| STANDBY CURRENT pm ] —] B | mA 
| lec2 Power supply standby current rz —10 I 10 ША 
Івв2 (RAS = Vinc. Dour = High Impedance) | 1 10 HA | 
lius REFRESH CURRENT. | m T —- | “mA = 5 
| Іссз Average power supply current, refresh mode. i —10 10 | HA | 
Іввз (RAS cycling, CAS = Vinc : tre = minimum value) Г | 200 ҺА 
Г lppa | PAGE MODE CURRENT Е m | 2 | mA 5 
loca Average power supply current, page mode operation T e | 6 
r Івв4 (RAS = Vi, CAS cycling : tpc = minimum value) 200 BA | 
|... T INPUT LEAKAGE CURRENT ` i [ T 
nme Input leakage current, any input (Vgg =—5V -10 10 pa | 
| ov X ViN <+7.0V, all other pins not under test = OV) L E 
lana OUTPUT LEAKAGE CURRENT ло 10 "T | 
| | (Dou is disabled, OV < Vout < *5.5V) zl 
OUTPUT LEVELS | 
VoH Output “H” level voltage (lout = —5mA) ae Ы | Ë | 
E OUTPUT LEVELS " E 1 2 E 
| Output “L” level voltage (lout = 4.2mA) | 


18 — 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Уор = 12.0V+10%; Усс =5.0V+10%, Vss = OV, Vag = —5.0V + 10%, Та = 0°C ~ 70°C) 


(NOTES 2, 7,8, 10) 


P- P-3 P-4 
SYMBOL PARAMETER ТММ416Р-2 ТММ416 ТММ416! 
tac Random read or write cycle time 
tawc Read-write cycle time 


tRMW Read-modify-write cycle time 


Page mode cycle time 


Access time from RAS | 
~ Access time from CAS 
| Output buffer turn-off delay 
Transition time (rise and fall) | 
RAS precharge time xx 
tRAS RAS pulse width = 
tRSH RAS hold time | N Е 
tcsH CAS hold time 
tcas | CAS pulse width ` | 000 
їнср RAS to CAS delay time | 20 | 50 | 25 65 | 35 as | ns 15 
tore | CAS to RAS precharge time [æ] EJ ЕЕЕ a | _ | 
tASR Row Address set-up time - i LaL | 0 | 0 ns | 
tRAH Row Address hold time 20 25 35 | ns 
tase Column Address set-up time | —10 | _|-0 = [-10 | | s | 
tcan | Column Address hold time | 45 55 | |775 | ns 
Column Address hold time 
tar referenced to RAS ЗБ | =] МЕР | nS 
T ү == zT T 
tRCS g: Read command set-up time 0 1 | 0 LB I др ns 
tRCH Read command hold time 1 0 0 | 0 | ns | 
IB сн | Write command hold time 45 i | 55 | 75 [ ns | q 
Write command hold time 
‘wer referenced to RAS 3p ы Ше а 
UE Write command pulse width 45 ~ie] Il ns 
інші | Write command to RAS lead tim | 50 ЈЕ | 70 | Ë 85 1s nso 
tcwL Write command to CAS lead time 50 70 š, 85. | ns | 
tos Data-in set-up time š а " ii of " oe 0 Е Р 0 | E |] ns 16 E 
| toH Data-in hold time 45 | 55 75 | ns 16 | 
tDHR Data-in hold time referenced to Ras | 95 id | 120 160 | ns 
“қ CAS precharge time (for page- 60 80 100 M 
made cycle only) | | 
Reésesh period 2 2 ms 
CAS to WRITE delay 90 ns 17 
ЕСТЕ to WRITE delay NE ns 17 
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TIMING WAVEFORMS 


@ READ CYCLE 


TOSHIBA 


е READ-WRITE/READ-MODIFY-WRITE CYCLE 


ADDRESSES 


WRITE 


DouT 


Don't Care 


ө “RAS-ONLY” REFRESH CYCLE 


az ViHC— 
RAS 
= 


v 
ADDRESSES Ін 
Vi 


Ж? 


( 


ио MMMM 


Уон- 
боот EN 


Don't Care 


Note: CAS = үнс, WRITE = Don't Care 
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* PAGE MODE READ CYCLE 


- 


| 


m 
> 


ADDRESSES 


Pout 


WRITE 


VA Don’t Care 
@ PAGE MODE WRITE CYCLE 
'RAS 
=j 
tAR 
RAS Ун = 
Мы < 
tec TRSH 
1САЅ tcas tcRP 
Мінс — SNI 5 
CAS 
ML — N ИЛ 
t 
nan ||] JE 
tasm| "АБС tasc NI 
COL COL COL 77/7// / 
DDRESSES /ж //7 
tWCH tWCH 
tCWL 
А j 7 
өт: MMs ПТ 
L Se „нул. 
tps хон 
— - 
Din АҒ NALD S 7 777, 
/ { ОАТА А // 
'DHR 


= Don't Care 


CAPACITANCE 
(Von = 12.0V # 10%, Усс = 5.0V + 10%, Vss = OV, Vag = —5.0V + 10%, f = IMHz, Ta = 0°С ~ 70°C) 


[ svwaot | PARAMETER TYP. | max. | UNIT 
Ciy | Input Capacitance (Ag-As), DIN ij 5 | pF 
Ci; | Input Capacitance RAS, CAS, WRITE 8 10 pF 
Co | Output Capacitance (Dou T) kz; 5 1 7 pF 


POWER DERATING CHARACTERISTICS 


Сезе Time tac ins) 


500 400 


300 250 


Ambient Temp Te (°C) 


Cocke Mate IMHE ^ M0 aac tw 


ғал Tes me 


Cyele Time tac tasi 


1000 —— %00 400 зоо 2% 
Шын Ж. 


о 


Max ipp; Suenly Current ima) 


Cyewe Mate (MHz) = tO /tac ins) 
hie 2 me% toot 


NOTES 


1. 


2. 


10. 


Stresses greater than those listed under "Absolute Maximum Ra- 
tings'' may cause permanent damage to the device. 

Ta is specified here for operation at frequencies to 
tac 2 tnc (min.). Operation at higher cycle rates with reduced 
ambient temperatures and higher power dissipation is permissible, 
however, provided AC operating parameters are met. See Fig. 1 
for derating curve. 

All voltages are referenced to Vss 

Output voltage will swing from Vss to Vcc when activated with 
no current loading. For purposes of maintaining data in standby 
mode, Vcc may be reduced to Vss without affecting refresh 
operations or data retention. However, the Voy (min.) specifica- 
tion is not guaranteed in this mode. 

Ipp1. !pp3 and Ірр4 depend on cycle rate. See figures 2, 3 and 
4 for Ipp limits at other cycle rates. 

Іссі and !cca depend upon output loading. During readout of 
high level data Vcc is connected through a low impedance to data 
out. At all other times Icc consists of leakage currents only. 

After the application of supply voltages or after extended periods 
of bias (greater than tag F: 2ms) without clocks, the device must 
perform about eight initialization cycles prior to normal opera- 
tion. 

AC measurements assume tT = 5ns. 

The specifications for tac (min.), tamw (min.) and %ңұус (min.) 
are used only to indicate cycle time at which proper operation 
over the full temperature range (0 C < T, <70°C) is assured. 
Мінс (min.) or VIH (min.) and V IL (max. ) are reference levels for 


11. 


15. 


16. 


17. 


Cycle Time tac inal 


1000 500 400 зо 250 


Max ippa Suppiy Current (mA) 


Cycle Rate (MHz) = 10 amc inni 
f" 3 tac w 1002 


Сусе Time тәсімі 


1000 500 400 — 300 250 


(mad 


Max ippa Supply Current 


Cycle Aate (MHz) = 10 тр ian) 
Fu 4 elope 


measuring timing of input signals. Also, transition times are meas- 
ured between Уіңс or Мн and М. 

Assumes that tacp САСО (max.). If taco is greater than the 
maximum recommended value shown in this table, tRAC will in- 
crease by the amount that tacp exceeds the value shown. 
Assumes that tacp 2 treo (max.) 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torr (max.) defines the time at which the output achieves the 
open circuit condition and is not referenced to output voltage 
levels. 

Operation within the tacp max.) limit insures that taac (max.) 
can be met. tacp (max.) is specified as a reference point only: if 
tRCD is greater than the specified tq cp (max.) limit, then access 
time is controlled exclusively by tcAC. 

These paramete! ferenced to CAS leading edge in early write 
cycles and to WRITE leading edge in delayed write or read- 
modify-write cycles. 

twcs. tCWD and tgwp are not restrictive operating parameters. 
They are included in the data sheet as electrical characteristics 
only. 


1+ twcs = twcs (min.), the cycle is an early write cycle and the 
data out pin will remain open circuit (high impedance) throughout 
the entire cycle: 

If tewo 2 tcwp (min.) and tawp 2 tRwpD (min.), the cycle isa 
read-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 


Tos ЕЕС 


APPLICATION INFORMATION 


ADDRESSING 


The 14 address bits required to decode 1 of the 
16,384 cell locations within the TMM416P аге 
multiplexed onto the 7 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TT L-level clocks <> 

The first clock, the Row Address Strobe (RAS), 
latches the 7 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 7 column address bits into 
the chip. Each of these signals, RAS and CAS, trig- 
gers a sequence of events which are controlled by dif- 
ferent delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurence of a 
delayed signal. derived from the RAS clock chain. 
This “gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 


DATA INPUT/OUTPUT 


Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS isactive. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (Dın) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the Diy isstrobed by CAS and the set- 
up and hold times are referenced to CAS. |f the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are 
referenced to the negative edge of WRITE rather than 
CAS. (To illustrate this feature, DIN is referenced to 
WRITE in the timing diagrams depicting the read- 
write and page-mode write cycles while the “early 
write” cycle diagram shows DIN referenced to CAS). 


Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 


DATA OUTPUT CONTROL 


The normal condition of the Data Output (Do UT!) 
of the TMM416P is the high impedance lopen- 
circuit) state. That is to say, anytime CAS is at a high 
level, the Do ur pin will be floating. The only time 
the output will turn on and contain either a logic O or 
logic 1 is at access time during a read cycle. Ооџт 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

If the memory cycle in progress is a read, read- 
modify write, or a delayed write cycle, then the data 
output will go from the high impedance state to the 
active condition, and at access time will contain the 
data read from the selected cell. This output data is 
the same polarity (not inverted) as the input data. 
Once having gone active, the output will remain valid 
until CAS is taken to the precharge (logic 1) state, 
whether or not RAS qoes into precharge. 

If the cycle in progress is ап "'early-write'"" cycle 
(WRITE active before CAS goes active), then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this type 
of output configuration, the user is given full control 
of the Dour pin simply by controlling the placement 
of WRITE command during a write cycle, and the 
pulse width of the Column Address Strobe during 
read operations. Note also that even though data is 
not latched at the output, data can remain valid from 
access time until the beginning of a subsequent cycle 
without paying any penalty in overall memory cycle 
time (stretching the cycle). 


PAGE MODE OPERATION 


The "'Page-Mode"' feature of the ТММ416Р al- 
lows for successive memory operations at multiple col- 
umn locations of the same row address with increased 
speed without an increase in power. This is done by 


strobing the row address into the chip and maintain- 
ing the RAS signal at a logic 0 throughout all succes- 
sive memory cycles in which the row address is com- 
mon. This “page-mode” of operation will not dis- 
sipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 


REFRESH 


Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval. 
Although any normal memory cycle will perform the 
refresh operation, this function is most easily accom- 
plished with “RAS-only” cycles, RAS only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the Ipp3 
specification. 


POWER CONSIDERATIONS 


Most of the circuitry used in the TMM416P is 
dynamic and most of the power drawn is the result of 
an address strobe edge. (refer to the TMM416P cur- 


TYPICAL CURRENT WAVEFORMS 


AASTAS CYCLE 


LONG НАЗ/САЗ CYCLE 


TOSHIBA 


rent waveforms in Fig. 5) In system applications 
requiring lower power dissipation, the operating 
frequency (cycle rate) of the TMM416P can be re- 
duced and the (guaranteed maximum) average power 
dissipation of the device will be lowered in accord- 
ance with the Ip p 1 (max.) spec limit curve illustrated 
in Fig. 2. 

It is possible to operate certain versions of the 
TMM416P family (—2 and 3 speed selections for 
example) at frequencies higher than specified, provid- 
ed all AC operating parameters are met. Operation at 
shorter cycle times (< tae min.) results in higher 
power dissipation and, therefore, a reduction in 
ambient temperature is required. Refer to Fig. 1 for 
derating curve. 


POWER UP 


The TMMA416P requires no particular power sup- 
ply sequencing so long as the Absolute Maximum 
Rating Conditions are observed. However, in order to 
insure compliance with the Absolute Maximum Rat- 
ings, TOSHIBA recommends sequencing of power 
supplies such that Vgg is applied first and removed 
last. Vgg should never be more positive than Vss 
when power is applied to Vpp. 


AAS ONLY CYCLE 


IDo 
ima) 


"вв 
тА) 


iss 
(та) 


trac / trac (Уро = 12V) 
trac / trac (T, = 50°C) 


!pp2 (тА) 


TYPICAL CHARACTERISTICS 


Normalized Access Time trac 


м Vpp Supply Voltage 


Normalized Access Time 
vs Tj Junction Temperature 


ор (Standby) 
vs Уор Supply Voltage 


Увв --45у 


ima) 


trac/taac (Vas = -5V) 


1001 (mA) 


Normalized Access Time trac 
+з Vag Supply Voltage 


-3 -5 
vas (vi 


lpp; (Average! 
vs Vpp Supply Voltage 


-6 


-7 


taac (trac (Мес =5V) 


Normalized Access Time trac 
эз Voc Supply Voltage 


Vee Iv) 


!pp1 (Average) 

эз T| Junction Temperature. 
Vpp = 132V 
Vee = 45V 
tre 7375 


Ipp2 (Standby) 


— 26 = 


(та) 


1003 


Іроз (RAS Oniy) 
vs Vpp Supply Voltage 


Мун, ViL (V) 


(v) 


Мінс. ViLC 


Ipp3 (mA) 


1роз (RAS Only) 
vs Tj Junction Temperature 


!pp4 (Page Mode) 
vs Vpp Supply Voltage 


Ippa (Page Mode) 
vs T, Junction Temperature 


Мав = —4.5\/ 
Vpop = 13.2у 
tpc = 225 ns 


ippa (тА) 
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Vinc: Vike Input Li 
vs Урр Supply Voltage 


“ 
Š 


Мун. Vic Input Levels 
уз Vpp Supply Voltage 


-10 50 110 170 
T (°c) 


Vine: ViLC Input Levels 
vs Vgg Supply Voltage 


Ves = —5.5V for Vinc 


мун. Vin (М) 


Мінс, Vite (V) 


Ves = —4.5V for Vite 
T| = 50°C 


Vpp (V) 


Мун. Vin Input Le 
vs Vag Supply Voltage 


(м 


Vine Vite 


Увв = —5.5V for Vin 


Уав--45У for Vit 
T| = 50°C 
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Voo (У) 


Мінс. ViLC Input Levels 
vs T, Junction Temperature 


Vpop ~ 13.2V for Ving 


Мор = 10.83 for Vig 
Tj = 50°C 


Vpp = 13.2V, Vgs = -5.5V for ViHC 


Моро = 10.8V, Vgg = —4 Sy for ус 


=10 50 110 
T, (9с) 


170 


Vine Vin (V) 


Vpop = 13.2V tor Vine 
Уор * 10.8V for ViLC 
Tj = 50°C 


Vin. Vit Input Levels 
vs Tj Junction Temperature 


Vpp = 13.2V, Vag = —5.5V for VIH 
Vpp = 10.8V, Vag = —4.5V for VIL 


—10 50 110 170 
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OUTLINE DRAWING 
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TOSHIBA MOS MEMORY PRODUCTS 


65,536 WORD X 1 BIT DYNAMIC RAM 


N-CHANNEL SILICON GATE MOS 


DESCRIPTION 


The TMM4164P is the new generation dynamic 
RAM organized 65,536 words by 1 bit, it is successor 
to the industry standard TMM416P. 

The TMM4164P utilizes TOSHIBA s double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user 


FEATURES 


e 65,536 words by 1 bit organization 
€ Fast access time and cycle time 


DEVICE ibas | tae 
| TMM4164P2 | 120 ns 260 ns 
TMM4164P-3 150ns | 260 ns 
_TMM4164P-4 | — 200ns | 330 ns 
Ф Single power supply of 5V + 10% with a built-in 


Ves generator 
e Low power; 275mW operating (MAX.) 
27.5mW standby (MAX.) 


PIN CONNECTION 


(TOP VIEW) 


PIN NAMES 
Ao ^ А» Address Inputs 
CAS ' Column Address Strobe 
DiN Data In 
NC No — Connection 
Dour ! Data Out 
RAS | Row Address Strobe 
WRITE Read/Write Input 
Vcc Ї Power (+5V) 3 


Vss | Ground 


TMM4164P-2, TMM4164P-3 
TMM4 I 6АР-4 


Multiplexed address inputs permit the TMM4164P 
to be packaged in a standard 16 pin plastic DIP. 
This package size provides high system bit densities 
and is compatible with widely available automated 
testing and insertion equipment. 

System oriented features include single power supply 
of 5V +10% tolerance, direct interfacing capability 
with high performance logic families such as Schottky 
TTL. 


e Industry standard 16 pin plastic DIP 

e Output unlatched at cycle end allows two-dimen- 
sional chip selection 

e Common 1/0 capability using "EARLY WRITE" 
operation 

e Read-Modify-Write, RAS-only refresh and Page 
Mode capability 

e All inputs and output TTL compatible 

e 128 refresh cycles/2ms 


BLOCK DIAGRAM 


No. 2 CLOCK " 


GENERATOR = 


DATA IN 
BUFFER 
DATA OUT 
BUFFER 


COLUMN 
ADDRESS 
BUFFERS (8) 


А; о 
Ajo 

As SENSE AMP 
Ara 1/0 GATING 
Аха 


ROW 
ADDRESS 
BUFFERS (8) 


ABSOLUTE MAXIMUM RATINGS 
ITEM | SYMBOL | RATING UNITS | NOTES 
Input and Output Voltage ViN, VoUT —1~7 V | 1 ] 
Power Supply Voltage Vcc 1 -1-7 V 1 
E 
Operating Temperature Torr _| 0--70 | °C | 1 
Storage Temperature TsrG —55 ~ 150 "C 1 
Soldering Temperature - Time TsoLDER 260.10 °C - sec 1 
= = - T 
Power Dissipation Pp 600 mW n 1 
Short Circuit Output Current louT 50 mA 1 
RECOMMENDED DC OPERATING CONDITIONS (Та = 0 ~ 70°C) 
[ SYMBOL | _— PARAMETER | | MIN. TYP. MAX. | UNITS NOTES 
| Мес Supply Voltage x I 4.5 50 55 v ° |] 
Мн Input High Voltage 24 65 v 2 
Vi | три Low Voltage | ШЕСІ: ов | wv = | 
DC ELECTRICAL CHARACTERISTICS (Усс = 5V + 10%, Ta = 0 ~ 70°C) 
SYMBOL І PARAMETER ü | MIN | TYP. | MAX | UNITS | NOTES | 
OPERATING CURRENT 
lcci Average Power Supply Operating Current 50 mA 34 
= | (RAS, CAS Cycling: tac =tre MIN.) | l 
STANDBY CURRENT | 
lcca Power Supply Standby Current 5 mA 
Ë {RAS Мы, Dou = High Impedance} == L=. 
REFRESH CURRENT 
lcca | Average Power Supply Current, Refresh Mode | 40 mA 3 
l (RAS Cycling, CAS = Мн: tac = tac MIN.) l I £ " 
PAGE MODE CURRENT 
loca Average Power Supply Current, Page Mode 40 mA 3,4 
(RAS = Vi, CAS Cycling: tpc = tec MIN.) m uu 
INPUT LEAKAGE CURRENT 
nmm Input Leakage Current, any Input (OV < Vin < 6.5V —10 10 ША 
All Other Pins Not Under Test = OV) Ee Е 
| OUTPUT LEAKAGE CURRENT 
o (t) (Dour is disabled, OV < Vour € +5.5V) -10 10 ША 
wr | OUTPUTLEVEL | - D MN 
OH Output “Н” Level Voltage (lour = —5mA) 
Ы. —— = — + + k 
м OUTPUT LEVEL 04 v 
OL Output "L'' Level Voltage (lour = 4.2mA) 


COMMEN 


(Notes 5, 6, 7) 


ELI v AL ТЕН 
(Vcc = 5V + 10%, Ta = 0 ~ 70°C) 


TMM4164P-2 TMM4164P-3 TMM4164P-4 
SYMBOL PARAMETER MIN. | MAX. MIN. | MAX. | MIN. | MAX. UNITS NOTES 
tRC | Random read or write cycle time ! 260 260 
tRWwC Read-write cycle time 260 
taw Read-modify-write cycle time 265 
tec Page mode cycle time. | 140 | 
trac Access time from RAS 120 
САС Access time from CAS 
— 
toFF Output buffer turn-off delay 0 
tr _| Transition time (rise and fall) | 3 
tre RAS precharge time | 90 
tras RAS pulse width 120 | 10,000 
інен RAS hold time | во | 100 135 ns 1 
tcsH CAS hold time 120 150 200 ns 
[cas | CAS pulse width | 80 | 10,000 | 100 | 10,000 | 135 | 10,000 ns 
trep RAS to CAS delay time i 25 | 40 | 25 50 | 30 65 ns 12 
k 4 
tcrP CAS to RAS precharge time 0 0 | 0 п$ 
tASR Row Address set-up time | 0| | 0 0 | ns 
tRAH Row Address hold time Йй 15 15 | 20 | ns 
tasc Column Address set-up time 0 0 0 | ns 
tcAH Column Address hold time 40 45 55 = ns =i 
— z T— 
"m на hold time 80 95 120 ns 
ісе | Read command set-up time L- 0 0 Ms 
tRCH Read command hold time 0 ü 0 
| мсн Write command hold time | 40 | | 45 
ШЕТ ШИШЕ. в 
twp | Write command pulse width 40 Гг 45 
tRWL Write command to RAS lead time 40 45 | 
| tcwL Write command to CAS lead time | 40 45 | 
tps Data-in set-up time 0 1 0 
tpH | Data-in hold time | 40 | 45 
tDHR Data-in hold time referenced to RAS 80 | 95 
INI — =”... E. во 
ЖЕНЕ Refresh period zii 2 
twcs Write command set-up time -10 -10 
| tcwp CAS to WRITE delay 50 | 60 
itRWD RAS to WRITE delay 90 l 110 
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CAPACITANCE 


(Vec= 5V + 10%, 


f= 1MHz, Та-0- 70°C) 


| SYMBOL | PARAMETER | MN. TY. | MAX UNITS | 
| Ch Input Capacitance (Ao ~ Аз, Din) | 4 | 5 pF | 
| Gp Input Capacitance (RAS, CAS, WRITE) | 8 10 pF | 
| Ср | Output Capacitance (Ооџт) | 5 7 pF | 
NOTES: 
1. Stresses greater than those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. 
2. All voltages are referenced to Vss. 
3. 1ссі, іссз, Ісса depend on cycle rate. 
4. Icci,lcca depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 2004s is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 
6. AC measurements assume tr = Бп. 
7. Мін (min.) and Мц (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be- 
tween Мін and Vj. 
8. Assumes that tacp < tracp (max.). If tacp is greater than the maximum recommended value shown in this table, trac will 
increase by the amount that tacp exceeds the value shown. 
9. Assumes that tacp 2 tgcp (тах.). 
10. Measured with a load equivalent to 2 TTL loads and 100pF. 
11. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
12. Operation within the tacp (max.) limit insures that trac (max.) сап be met. tacp (max.) is specified a reference point only: 
If tacp is greater than the specified tacp (max.) limit, then access time is controlled exclusively by їсдс. 
13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 
14. twcs. tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 


only. If twcs 2 twcs (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle: 

If tewo 2 tcwp (min.) and tawo Z tgwp (min.), the cycle is read-write cycle or read-modify-cycle and the data out will 
contain data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out 


(at access time) is indeterminate, 


APPLICATION INFORMATION 


ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164P are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. райы. 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the chip. The sec- 
ond clock, the Column Address Strobe (CAS), subse- 
quently latches the 8 column address bits into the 
chip. Each of these signals, RAS, and CAS, triggers a 
sequence of events which are controlled by different 


delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tg Aj) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 


TOSHIBA 


DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (Dy) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the Dy is strobed by CAS and the set- 
up and hold times are referenced to CAS. If the input 
data is not available at CAS time or if it is desired 
that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up and hold times are referenced to the 
negative edge of WRITE rather than CAS. (To illus- 
trate this feature, Dy, is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "early write" cycle dia- 
gram shows Dw referenced to CAS) 

Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 


DATA OUTPUT CONTROL 
The normal condition of the Data Output (Dour) 
of the TMM4164P is the high impedance (open cir- 


16 15 14 13 


OUTLINE DRAWINGS 


cuit) state. That is to say, anytime CAS is at a high 
level, the Dour pin will be floating. The only time 
the output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle. Dour 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 


PAGE MODE 

The “Раде-Моде” feature of the TMM4164P al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobing the row address into the chip and 
maintaining the RAS signal at a logic O throughout all 
successive memory cycles in which the row address is 
common. This ''Page-Mode' of operation will not 
dissipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 


REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 row 
address (Ag ~ Ақ) within each 2 millisecond time 
interval. Although any normal memory cycle will 
perform the refresh operation, this function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the lcc, specification 


Unit in mm 


11 10 9 


6.5 MAX. 


7.62%0.25 


2.5 МІМ. 5.0 МАХ. 


401 


2.54:0.25 


0.25-0.05 
poe 


Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi- 


nal position with respect to No. 1 and No. 16 leads. 
All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 


the right, at any time without notice, to change said circuitry. 
С) Арт., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


65,536 WORD X 1 BIT DYNAMIC RAM 


N-CHANNEL SILICON GATE MOS 


TMM4164AP- 12 
TMM4164AP-15 
TMM4164AP-20 


DESCRIPTION 


The TMM4164AP is the high speed, low power 
dynamic RAM organized 65,536 words by 1 bit, it 
is successor to the industry standard TMM4164P. 

The TMM4164AP utilizes TOSHIBA's double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 


FEATURES 


e 65,536 words by 1 bit organization 


e Fast access time and cycle time 


DEVICE tRAC tcac trac 
[TiimereeaPaa [1 | бош | Eom | 
TMM4164AP-15 150 ns 75 ns 260 ns 
TMM4164AP-20 | 200ns | 100ns | 330ns 
es nale power supply of 5V £ 10% witha built-in Е 
Vee generator 
e Low power; 275mW operating (MAX.) 
22mW standby (MAX.) 
PIN CONNECTION (TOP VIEW) 
PIN NAMES 
Ao ~ А, | Address Inputs 
CAS Column Address Strobe 
Din Data In 
NC ' No — Connection 
Dour | Data Out 
RAS Row Address Strobe 
WRITE ReadAWrite Input 
Vcc | Power (45V) 
Vss | Ground 


* This is advance information and specifications are subject 
to change without notice. 


Multiplexed address inputs permit the TMM4164AP 
to be packaged in a standard 16 pin plastic DIP. This 
package size provides high system bit densities and 
is compatible with widely available automated testing 
and insertion equipment. 

System oriented features include single power 
supply of 5V +10% tolerance, direct interfacing capa- 
bility with high performance logic families such as 
Schottky TTL. 


e Industry standard 16 pin plastic DIP 

* Output unlatched at cycle end allows two-dimen- 
sional chip selection 

e Common 1/О capability using "EARLY WRITE" 
operation 

e Read-Modify-Write, RAS-only refresh and Page 
Mode capability 

e All inputs and output TTL compatible 

e 128 refresh cycles/2ms 
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ABSOLUTE MAXIMUM RATINGS 
ITEM |  SYMBOL RATING ` UNITS NOTES 
Input and Output Voltage 1. Vin, Vout | -1~7 у 1 
= течен m T 
Power Supply Voltage dl Усс. rer | V E 1 | 
Operating Temperature Ee] ToPR | 0-- 70 Е EN C a _| 
Storage Temperature | TsrG -55- 150 | °G ма 1 
Soldering Temperature - Time 1 TsOLDER 260 - 10 °C . sec 1 
eee eed ы ль = =: = - санасам жазды... T ан. 
Power Dissipation » A" Pp 1 600 | mw 1 | 
Short Circuit Output Current ___ | lout 150 3] mA — E д, i 
RECOMMENDED DC OPERATING CONDITIONS (Ta=0 - 70°C) 
| SYMBOL PARAMETER MIN. ТҮР; МАХ. UNITS | NOTES 
Vec Supply Voltage 45 5.0 5.5 V 2 
Мін Input High Voltage 24 6.5 V 2 
Vit Input Low Voltage -1.0 0.8 V 2 
DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0 ~ 70°C) 
[SYMBOL PARAMETER MIN TYP. MAX UNITS NOTES 
Ez) — ШШЕ зл: | L 
OPERATING CURRENT 
lcci Average Power Supply Operating Current 50 mA 34 
| . (RAS, CAS Cycling: tac = tac MIN.) | 
| STANDBY CURRENT 
lcca Power Supply Standby Current 4 mA 
| _ (RAS = Мін, Dour = High Impedance) 
REFRESH CURRENT 
lcca Average Power Supply Current, Refresh Mode 40 mA 3 
(RAS Cycling, CAS = Мін trac = tnc MIN.) 
| PAGE MODE CURRENT 
locas Average Power Supply Current, Page Mode 40 mA 3,4 
E (RAS = Vi. CAS Cycling: tpc = tpc MIN.) 
INPUT LEAKAGE CURRENT 
hay Input Leakage Current, any Input (OVS Му < 6.5V, —10 10 uA 
A n] . All Other Pins Not Under Test = ОМ) T А 
| OUTPUT LEAKAGE CURRENT 
ош (Dour is disabled, OV € Vour € +5.5V) -10 10 BA . 
E OUTPUT LEVEL "P v ei 
SR- j Output “H” Level Voltage (lout = —5mA) | | ]-— a4 
OUTPUT LEVEL 
Vou | Output “L” Level Voltage (lout = 4.2mA) 84 М 
БЕЛЕҢ ME = z ма 254: Е al... — 1. — —e 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc =5V + 10%, Ta -0 ~ 70°C) (Notes 5, 6, 7) 


TMM4164AP-12 | TMM4164AP-15 | TMM4164AP-20 
ain АРИНЕ Гмім. | MAX. |MIN.| MAX. |MIN. | MAX. 
trac | Random Read or Write Cycle Time | 220 1 260 й 330 ns 
tRwc Read-Write Cycle Time 240 il 285 350 L | ns 
tRMW Read-Modify-Write Cycle Time 260 310 390 ns 
Page Mode Cycle Time 120 145 | 190 [ | ns 
Access Time from RAS 120 150 200 ns 8,10 
Access Time from CAS 60 | 75 100 ns 9,10 
Output Buffer Turn-Off Delay —— | 0 P 35 0 40 0 50 n [| 011 
ltr Transition Time (Rise and Fall) T 35 | 3 35 3 50 ns 6 E 
| tre | RAS Precharge Time [ 90 Ë | 100 | 120 | | ns 
tRAS RAS Pulse Width | 120 | 10000 | 150 | 10000 | 200 | 10,000 | ms 
| tas | RAS Hold Time 60 75 | woo | [а | 
їс5н CAS Hold Time | 120 | | 150 | 200 | МЕ Жек | 
tcas | CAS Pulse Width 60 | 10,000 | 75 | 10,000 | 100 | 10,000 ns | 
| tacp RAS to CAS Delay Time 25 60 | 25 75 | 30 | 100 ns | 12 
1СВР CAS to RAS Precharge Time 0 0 0 ns 
tASR Row Address Set-Up Time | о | [ ° | ШШЕ 0 | | ns 
НАН Row Address Hold Time 15 15 20 ns | 
tasc | Column Address Set-Up Time L 0 0 0 ns 
1САН Column Address Hold Time |736 | 45 | 55 | ns | 
e 2.47 ды ss ін | 185 au 
tRCS Read Command Set-Up Time T ü т T 0 0 ns 
ЕС Read Command Hold Time jos 8 ЕЕ 0 ! 0 ns 
twcH Write Command Hold Time 35 45 | 55 ns 
tio | иене 95 120 155 ns 
twp Write Command Pulse Width 35 45 55 ns 
taw | Write Command to RAS Lead Time 35 45 55 | ns 
Tew Write Command to CAS Lead Time 35 71745 55 ns 
tos Data-In Set-Up Time 0 IT gui | 0 jme ns 13 
tpH Data-In Hold Time 35 45 55 
Ірнв Data-In Hold Time Referenced to RAS 95 | |7 20 as 5 | 
CAS Precharge Time (for Page 0 
Mode Cycle Only) 
Refresh Period 
Write Command Set-Up Time 
CAS to WRITE Delay -+ 40 
two | RAS to WRITE Delay 1 100 | 
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CAPACITANCE 


(Vec=5V+ 10%, f=1MHz, Ta=0~ 70°C) 


SYMBOL PARAMETER MIN. | TYP. MAX. UNITS | 
| Ch Input Capacitance (Ag ^ Аҙ, Din) | 4 5 pF | 
| Cr Input Capacitance (RAS, CAS, WRITE) 8 10 pF | 
| Co Output Capacitance (Dout) 5 7 pF | 
NOTES: 


Stresses greater than those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device. 
All voltages are referenced to Vss. 

lcci. !ссз. Ісса depend on cycle rate. 

lec1. Ісса depend on output loading. Specified values are obtained with the output open 
An initial pause of 200us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 
AC measurements assume tr = Бп. 

Мін (min.) and Мц (max.) are reference levels for measuring timing of input signals. 
tween Мін and Мц. 

8. Assumes that taco S tacp (max.). If tacp is greater than the maximum recommended value shown in this table, trac will 

increase by the amount that tacp exceeds the value shown. 

9. Assumes that tacp 2 treco (max.). 
10. Measured with a load equivalent to 2 TTL loads and 100pF. 
11. torr (max.) defines the time at which the Output achieves the open circuit condition and is not referenced to output voltage 


ы GE m Fe 86 pa, lx 


Also, transition times are measured be- 


levels. 

12. Operation within the tacp (max.) limit insures that taac(max.)can be met. tacp (max.) is specified as a reference point only: 
If tacp is greater than the specified tacp (max.) limit, then access time is controlled exclusively by їсдс 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 

14. twcs. tcwp and tgwp аге not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twcs 2 twcs (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle 
If tewo 2 tcwp (min.) and tawD 2 trwp (min.), the cycle is a read-write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter- 
minate. 


APPLICATION INFORMATION 


ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164AP are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TT L-level clocks. Aa 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the chip. The sec- 
ond clock, the Column Address Strobe (CAS), subse- 
quently latches the 8 column address bits into the 
chip. Each of these signals, RAS and CAS, triggers a 
sequence of events which are controlled by different 


delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tran) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 
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DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (Ом) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 


prior to CAS, the Dy is strobed by CAS and the set- 


up and hold times are referenced to CAS. If the input 
data is not available at CAS time or if it is desired 
that the cycle be a read-write cycle,the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up and hold times are referenced to the 
negative edge of WRITE rather than CAS. (To illus- 
trate this feature, Diy is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "early write" cycle dia- 
gram shows Diy referenced to CAS) 

Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 


DATA OUTPUT CONTROL 
The normal condition of the Data Output (Dour) 
of the TMM4164AP is the high impedance (open cir- 
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cuit) state. That is to say, anytime CAS is at a high 
level, the Dour pin will be floating. The only time 
the output will turn on and contain either a logic О or 
logic 1 is at access time during a read cycle. Dour 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 


PAGE MODE 

The “Раде-Моде” feature of the TMM4164AP al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobing the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address is 
common. This "Page-Mode" of operation will not 
dissipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 


REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 row 
address (Ag ~ А4) within each 2 millisecond time 
interval. Although any normal memory cycle will 
perform the refresh operation, this function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
Operating power. This reduction in power is reflected 
in the lec 4 specification. 
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Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi 


nal position with respect to No. 1 and No. 16 leads. 
All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba reserves 


the right, at any time without notice, to change said circuitry. 
©apr., 1983 Toshiba Corporation 


TOSHIBA MOS MEMORY PRODUCTS 


262,144 WORD X 1 BIT DYNAMIC RAM 


N-CHANNEL SILICON GATE MOS 


TMM41256C-12 
TMM41256C-15 


DESCRIPTION 


The TMM41256C is the new generation dynamic 
RAM organized 262,144 words by 1 bit, it issuccessor 
to the industry standard TMM4164P. 

The TMM41256C utilizes TOSHIBA's N-channel 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, 
both internally and to the system user. 

Multiplexed address inputs permit the TMM- 


FEATURES 


e 262,144 words by 1 bit organization 
e Fast access time and cycle time 


DEVICE | taac | teac tac 
TMM41256C-12 120 ns 60 ns 220 ns 
| TMM41256C-15 | 150 ns 75 ns 260 ns 


e Single power supply of 5V +10% with a built-in 
Vegg generator 
e Low Power 
330mW Operating (MAX.) (TMM41256C-12) 
275mW Operating (MAX.) (TMM41256C-15) 
27.5mW Standby (Max.) 


PIN CONNECTION (TOP VIEW) 


1 
2 
3 
4 
5 
6 
* 
8 


e Read-Modify-Write, 


BLOCK DIAGRAM 


* This is advance information and specifications 
are subject to change without notice. 


41256C to be packaqed in a standard 16 pin ceramic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V +10% tolerance, direct interfacing 
capability with high performance logic families such 
as Schottky TTL. 


Industry standard 16 pin ceramic DIP 

Output unlatched at cycle end allows two-dimen- 
sional chip selection 

Соттоп I/O capability using "EARLY WRITE" 
operation 

RAS-only refresh, Hidden 
refresh, and Page Mode capability. 

All inputs and output TTL compatible 


e 256 refresh cycles/4ms 


=—oVss 
WAITE o DATA IN 
= 3 BUFFER 
CAS NO. 2 CLOCK |е DATA OUT DouT 
GENERATOR t>] BUFFER 


COLUMN 
ADDRESS 
BUFFERS (9) 


PIN NAMES 


| Ao ~ Ав | Address Inputs As 
CAS Column Address Strobe Ав 
5 е Га. А7 
Din | Data = = ps NM 4 
Dout , Data Out == BUFFERS (9) 20 
RAS , Row Address Strobe _ 55 
WRITE Read/Write Input = Roc to 
[ NO. 
Vss Ground 


SENSE AMP 
1/0 GATING 
- 

MEMORY 
ARRAY 


TOSHIBA 


ABSOLUTE MAXIMUM RATINGS 
; ITEM | SYMBOL RATING | UNITS | NOTES 
= s ER 24 L E: L: 
_ Input and Output Voltage Мм, VouT Aer _ | LE | 1 
Power Supply Voltage ч A EN Vcc —1~7 | E Am 1 
Operating Temperature Topr 0~70 % 1 1 
Storage Temperature Тетс —55 ~ 150 | “С ЕЛЕК NN 
Soldering Temperature . Time TsoLDER 260 - 10 °C . sec | 1 Ë 
Power Dissipation А Po 1 w | = E 
Short Circuit Output Current lout 50 mA L- a 
RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) 
SYMBOL | PARAMETER | MIN, TYP. MAX. UNITS NOTES | 
| Мес Supply Voltage 4.5 5.0 2 
| Wa Input High Voltage 24 2 
| ML Input Low Voltage -1.0 2 
DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0 ~ 70°C) 
[SYMBOL | PARAMETER | min. | max. | UNITS | NOTES | 
| OPERATING CURRENT TMM41256C-12 
lect Average Power Supply Operating Current ED mA 3,4 
(RAS, CAS Cycling: tac = tac MIN.) ТММ41256С-15 50 
STANDBY CURRENT ] 
lcc2 Power Supply Standby Current 5 mA 
(RAS = CAS = Мн) 
REFRESH CURRENT TMM41256C-12 45 
lcca Average Power Supply Current, Refresh Mode тш тА 3 
(RAS Cycling, CAS = Мн : tac = tac MIN.) TMM41256C-15 40 
PAGE MODE CURRENT 
TMM41256C-1 4 
lcca Average Power Supply Current, Page Mode ZEE B mA 3,4 
(RAS = М, CAS Cycling : tpc = рс MIN.) TMM41256C-15 40 
INPUT LEAKAGE CURRENT 
lit) Input Leakage Current, any input (OV € Vin € 6.5V, -10 10 BA 
All Other Pins Not Under Test = OV) l 
OUTPUT LEAKAGE CURRENT 
Dí. | (Dou is disabled, OV < Vour € *5.5V) Bui ші ай 
OUTPUT LEVEL 
Мон Output “H” Level Voltage (lour = —5mA) 29 M i | 
P 
Vor: OUTPUT LEVEL 04 v 


Output “L” Level Voltage (lout = 4.2mA) 


(Vcc = 5V +10%, Ta = 0 ~ 70°C) (Notes 5, 6, 7) 


ТММ41256С-12 
SYMBOL PARAMETER NOTES 
tRC Random Read or Write Cycle Time 
tRWC Read-Write Cycle Time 
| зям Read-Modify-Write Cycle Time 
tec Page Mode Cycle Time Aui 
НАС Access Time from RAS 5 120 = 150 | ns 8,10 
tcac Access Time from CAS | 60 | = 75 ns 9,10 
toFF Output Buffer Turn-Off Delay 1 0 | 35 0 40 ns 11 
tr Transition Time (Rise and Fall) 3 50 3 50 ns 6 
EL : } 
trp RAS Precharge Time | 90 | - 100 - ns 
tras RAS Pulse Width 120 10,000 150 10,000 ns 
trsH | RAS Hold uu 60 4 _ 75 - | ns 
ісен | CAS Hold Time 0 | — 150 - ns 
tcas CAS Pulse Width 60 10,000 75 | 10,000 | ns 
tRCD RAS to CAS Delay Time 25 60 25 val 75 | ns 18 
| tcRP Ë CAS to RAS Precharqe Time 0 = 0 - ns m 
iCPN CAS Precharge Time 25 = 25 _ ns 
| CAS Precharge Time (for Page Mode | 
tcp Cycle Only) 50 Е 60 53 95 
Tus | Row Address Set-Up Time 0 | = a | = m i 
tRAH Row Address Hold Time 15 _ | 15 _ ns 
tasc Column Address Set-Up Time 0 T - 0 - ns 
tCAH Column Address Hold Time 35 = 45 - ns 
l l = + 
Column Address Hold Time 
Г ТАА | Referenced to RAS 85 | ра) = nS 
[ i = = 
| tres | нез commana 500 d. |. 0 0 ns 
ead Command Hold Time 
tacH Referenced to CAS 0 z 9 z ns 12 
Read Command Hold Time | 
tRRH Referenced to 15 zi 20 D ns 12 
twcH Write Command Hold Time 35 = 45 = ns 
: : r | 
t Write Command Hold Time 95 = 120 Ж В 
WCR Referenced to з 
T “| T 
twP Write Command Pulse Width 35 _ 45 _ ns 
tRwL Write Command to RAS Lead Time 35 - 45 - ns 
tcwL Write Command to CAS Lead Time 35 - 45 - ns 
—— + — 
tps Data-In Set-Up Time 0 - | o = ns 14 
tDH Data-In Hold Time ^| 85 = 45 = ns 14 
| Data-In Hold Time 
ipHR | Referenced to RAS ЗБ т 120 => i 
--------- 
tREF Refresh Period _ 4 _ 4 ms 
twcs Write Command Set-Up Time =10 _ =10 mi ns 15 
tewo | CAS to WRITE Delay 40 _ 50 - ns 15 
tRWD | RAS to WRITE Delay 100 = 125 = ns 15 


CAPACITANCE 

(Vcc = 5V +10%, f = 1MHz, Ta = 0 ~ 70°C) 
| syMBOL | I PARAMETER I T MN. | MAX | UNITS 
| С Input Capacitance (Ag ~ Ag, Din) _| | I 6 pF 
D Сір Input Capacitance (RAS, CAS, WRITE) Ж | рЕ 

2 1 —o à 
Co Output Capacitance (Dou) E | 7 рЕ 

NOTES 

1. Stresses greater than those listed under "Absolute Maximum Ratings'' may cause permanent damage to the device. 

2. All voltages are referenced to Vss. 

3. lect. lees, cca depend on cycle rate. 

4. lec1, leca depend on output loading. Specified values are obtained with the output open. 

Б. Ап initial pause of 200us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume їт = 5 ns. 

7. Мін (min.) and Му (max.) are reference levels for measuring timing of input signals, Also, transition times are measured be- 


tween Мің and Vj. 


8. Assumes that tacp < trcp (max.). If tacp is greater than the maximum recommended value shown in this table, trac will 
increase by the amount that tacp exceeds the value shown. 
9. Assumes that 1вср > 1вср (max.) 

10. Measured with а load equivalent to 2 TTL loads and 100pF. 

11. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Either tacy or tary must be satisfied for a read cycle. 

13. Operation within the tacp (max.) limit insures that trac (тах.) can be met. trep (max.) is specified as a reference point 
only: If tcp is greater than the specified tacp (max.) limit, then access time is controlled exclusively by tcac. 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 

15. twcs. tcwD and tawn аге not restrictive operating parameters, They are included in the data sheet as electrical characteristics 
only. If twcs Z twcs (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tcwp Z tcwp (min.) and tawp Z tawp (min.), the cycle is a read-write cycle or read-modify- 
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

TIMING WAVEFORMS 


* READ CYCLE 


RAS Мін — 
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* WRITE CYCLE (EARLY WRITE) 


RAS 
CAS 
ADDRESSES 
WRITE 
мн 
DIN | VALIDDATA |) 
vu — 
'DHR | 
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Pour y OPEN 
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e “RAS - ONLY" REFRESH CYCLE 


р 
- — RC — — 
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= == - 
RAS М 
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k— ы 
е” - 


Уін- / 
ADDRESSES | ROW ADDRESS j 
мц 4 ¿ : - 6 
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VoL — 
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Note: CAS « Viu. WATTE = Don't care, Ag = Don't ca 
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* HIDDEN REFRESH CYCLE 


i — — MEMORY CYCLE >- REFRESH pra ae 
Ly. "RC = "RC tac 
В `+ 
= АБ. ы BR [алаш 
ТАН 
== ВЕ k= = Ae 
RAS Ун h | 
Үш = 
tcrP tacp ч "СРМ 
[treo cas durer, 
== Мін — 
CAS v 
nr — — 
ЗАЗА | [taan САН TASA. анан TASA “НАН 
Fuss, r3 jee — "e e 
appresses УІН - ROW COLUMN ROW ROW 
Vit — ADO ADDRESS. ADD ADD 
| tach 
tacs 4; 
қ RRH 
ware УН 
s. 
ICAC 
Ес 
TRAC toFF 
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мн. 


@ PAGE MODE WRITE CYCLE 
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CAS 


ADDRESSES 


WRITE 


APPLICATION INFORMATION 


ADDRESSING 
The 18 address bits required to decode 1 of the 


262,144 cell locations within the TMM41256C are 
multiplexed onto the 9 address inputs and latched 
into the on-chip address latches by externally applying 
two negative going TT L-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS and CAS, 
triggers a sequence of events which are controlled 
by different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited unit! the occurrence of a 
delayed signal derived from the RAS clock chain. 
This “gated CAS” feature allows the CAS clock to be 
externally activated as soon as the Row Address 
Hold Time specification (tRAH) has been satisfied 
and the address inputs have been changed from Row 
address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS isactive. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (Оуу) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the DIN is strobed by CAS and the 
set-up and hold times are referenced to CAS. |f 
the input data is not available at CAS time or if it 
is desired that the cycle be a read-write cycle, the 
WRITE. signal will be delayed until after CAS has 


TOSHIBA 


made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re- 
ferenced to the negative edge of WRITE rather 
thanCAS. (To illustrate this feature, Din is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"early write" cycle diagram shows Djn referenced 
to CAS). 

Data is retrieved from the memory in a read 
cycle by maintaining WRITE in the inactive or high 
state throughout the portion of the memory cycle 
in which CAS is active (low). Data read from the 
selected cell will be available at the output within 
the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (DouT) 
of the TMM41256C is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a 
high level, the DouT pin will be floating. The only 
time the output will turn on and contain either a 
logic O or logic 1 is at access time during a read cycle. 
Dour will remain valid from access time until CAS 
is taken back to the inactive (high level) condition. 
PAGE MODE 

The “Раде-Моде” feature of the TMM41256C 
allows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This 
is done by strobing the row address into the chip and 
maintaining the RAS signal at a logic O throughout 
all successive memory cycles in which the row address 
is common. This “Page Mode" of operation will 
not dissipate the power associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 


TOSHIBA 


REFERSH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 256 
row address (Ao ^ Ат?) within each 4 millisecond 
time interval. Although any normal memory cycle 
will perform the refresh operation, this funciton is 
most easily accomplished with "RAS - only" cycles, 
RAS only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Іссз specification. 


MEMORY CYCLE 


REFRESH CYCLE 


HIDDEN REFRESH 

An optional feature of the TMM41256C is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refresh. Hidden Refresh is performed by 
holding CAS at М. and taking RAS high and after 
a specified precharge period (tgp), executing a 
"RAS - only" refresh cycle, but with CAS held low 
(see Figure below). 


REFRESH CYCLE 


ее - — ш--- = 
» CUM ет ғ Re 9 À 7 4 


CAS 


DouT — OPEN 


VALID DATA 


This feature allows a refresh cycle то be “hidden"’ among data cycles without affecting the data availability. 


OUTLINE DRAWINGS NE 7 
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si | 
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Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 16 leads. 


All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 


the right, at any time without noitce, to change said circuitry. 
© Apr., 1983 Toshiba Corporation 
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Static Random Access Memories 


TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD x 4 BIT STATIC RAM 


N CHANNEL SILICON GATE DEPLETION LOAD 


DESCRIPTION 


TMM314AP family is 1024 word x 4 bit high 
speed read write memories operated with 5 V single 
power supply. The memories with 6 Tr. cells are 
static in operation and require no clocks or refresh 
period and suitable for use in microprocessor applica- 
tion systems where high performance, low cost, sim- 
ple interfacing are important design objectives. 

TMMS314AP family is able to be connected to 


FEATURES 


Fully decoded 1024 word x 4 bit organization 
Static operation — No clocks or refresh period 
Single 5V supply voltage — Vcc = 5V + 10% 

Easy memory expansion — CS input 

Three state output — Wired OR tie capability 
Inputs and outputs directly TTL compatible 

Data input/output terminal is common 

Input’ protected — All inputs have protection 
against static charge 


e 2114 Type Pin compatible 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 
Ag ^ Аз Column Address Inputs 
A4 ~ Ag Row Address Inputs 
ЏО, ^ 1/04 Data Input/Output 
CS | Chip Select Input 
WE Write Enable Input 
Vcc | Supply Voltage 
GND | Ground 


TMM3 1 4AP 
TMM3 І 4AP- | 
TMM314AP-3 TMM314APL-3 


TMM3 І 4APL 
TMM314APL- I 


TTL directly and to drive 1 STTL or 5 LSTTLS. 

TMM314AP family is fabricated with N channel 
silicon gate depletion load type MOS technology by 
ion implantation for fast speed, stable performance 
and reliability. 

The chip is moulded in the standard 18 pin plastic 
package of 0.3 inch width for low cost and high den- 
sity assembly. 


* Low Power dissipation and Access time 
Power and Access time (maximum value) 


Access time Power 
TMM314AP-1 | — 200ns | 550 mW 
TMM314AP-3 — | 300 ns | 550mW 
TMM314AP 450 ns 550 mW 
TMM314APL-1 | 200 ns 385 mw 
TMM314APL3 | 300 ns |  385mW 
TMM3I4APL | 450 пя |  385mW 
BLOCK DIAGRAM 
-"—VCC 
Row Memory cell array -—— GND 


64 x 64 


р 


Input Column input/output 


Decoder 


data 


control Column decoder 


| SYMBOL ITEM ` | RATING UNIT ] 
Vcc Supply Voltage —0.5 ~ 7.0 V 
l КД] E Input/Output Voltage Е Ар Е ET 2720; Js i y 
TOPR | Operating Temperature ыі I 0-770 € | 
IE Tere | _ Storage Temperature | 1 —55 ~ 150 | °C =i 
| TSOLDER | Soldering Temperature · Time Е 260 . 10 ü °C „ес | 
Рр | Power dissipation (Та = 70°С) l 850 | mW | 
SYMBOL | PARAMETER © CONDITIONS MIN. TYP. | MAX. | UNIT | 
VIH Input High Voltage = | 2.0 _ Усс V 
VIL | Input Low Voltage = | -05 | = L os | M E 
L Vcc | Supply Voltage _ 45 |. 5 55 _| V 
SYMBOL | PARAMETER CONDITIONS | MIN. | ТҮР* | мах. | UNIT | 
| ин Т Input High Current VIN =5.50 V = | - T 10 ША | 
uL ` Input Low Current VIN zÜV o —— i | _ = —10 ҺА 1 
Уон ` Output High Voltage ISOURCE = —1.0 mA 24 | 28 - ТУ | 
VOL | Output Low Voltage ISINK = 2.1 mA [ = | 0.15 04 | V 1 
| Іон Т Output High Current VOUT = 24v — | їй | = | = T mA | 
loL ' Output Low Current VOUT =0.4V | 21 | 65 | - | mà | 
ILO Output Leakage Current а: VIR _ | - %10 ША 
| | jia майт =04V~ Voc |. = АШ | | 
TMM314A4 | 25°С = Бо | 
Icc1 Supply Current PL/PL-1/PL-3 E SS A 
IOUT =0 тА o*c ES | = 
H | - - LS M RR | =l 1 4 
Icc2 Supply Current шы P/P-1/P-3 28° = 70 BO | мд 
louT =0 тА o*c = = 100 


* Та = 25°С, Мес = БУ 


READ CYCLE 


PARAMETER 


Read Cycle Time 

tacc | Access Time 

Chip Select Time 
Output Active from CS 
Chip Deselect Time 
Output ‘Hold from Address Change 


WRITE CYCLE 
= = m T F T T е жесе 
SYMBOL PARAMETER _TMM314AP-1/APL-1 TMM314AP-3/APL-3 | TMMSMAP/APL | т 

на. ЖЕКЕШЕ: | MIN MAX. | MIN. | MAX. | MIN. | MAX. | | 
A | Write Cycle Time | 200 - , 300 _ ‚ 4500 __ = | ns - 
Write Pulse Width I 120. _ 150 = 200 - ns | 
li Write Recovery Time | I 0 | = | 0 d = | 0 | = _ m | 

Output High Z from WE l 0 l 40 A 0 | 80 = 0 | 100 ns 

Data Setup Time | 120 | - | 150 | - | 200 = | ns 

, Data Hold Tome I | 0 | E | 0 | | 0 Г _ ns 
| AddresstoWriteSetupTime | 30 | — | 3: | — | 90 | - ns | 


SYMBOL T PARAMETER CONDITIONS 
Bm Input Capacitance Í Vin = AC Ground 

I Co UT | Output Capacitance E Vout = AC Ground 
Note: This parameter is periodically sampled and not 100% tested. 
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TIMING WAVEFORMS 


READ CYCLE 
Vin 
Ао ~ As 
Уш 
Уін 
cs 
MIS AL 
1/01 ~1/O4 HIGH IMPEDANCE | Баран Е V 
VoL ALID 
WRITE CYCLE 
Уін 
Ap Ag 
Vin 
Vin 
cs 
Vit 
Уін 
WE 
Vin 
Уон/Уін 
1/0; --1/04 WU DATA IN : Sakma saa 


STABLE 


Vou/ViL 


Note 1 : WE is high for a READ CYCLE. 


2 : twp is measured from the latter of CS or WE going low to 
the earlier of CS or WE going high. 


TOSHIBA 


TYPICAL CHARACTERISTICS 


ЭЭУ; азглуйном 


99Vi азглуйном 


CL (pF) 


(A) Зіл Ніл 


991 aazivWHON 


Ta (°C) 


Ta (°C) 


(v) 


Von 


(v) 


VoL 
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OUTLINE DRAWINGS 


18 17 16 15 14 13 12 11 10 
Unit in mm 


2.54t0.25 | 1 1.4 20.15 à 
| + 7.62~8.8 
ae | 


Each lead pitch is 2.54 mm, All leads are located within 
0.25 mm of thelr true longitudinal position with respect to 


No. 1 and No. 18 leads 


Notes 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 


©Mar., 1980 Toshiba Corporation 


TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD x 4 BIT STATIC RAM 


DESCRIPTION 


The TMM2114AP is a 4,096 bits static random 
access memory organized as 1024 words by 4 bits and 
operates from a single 5V power supply. Toshiba’s 
high performance device technology provides both 
high speed and low power features with maximum 
operating current of 60mA and maximum access time 
of 120ns/150ns. The memories with 6Tr. cells are 
fully static in operation and require no clocks or 
refresh periods. Therefore the TMM2114AP is most 


FEATURES 
ө 1024 Word x 4 Bit organization 
e Fully static operation 
e Single 5V supply voltage 
e All inputs and outputs: Directly TTL compatible 
e Three state output: Wired OR capability 
e Common data inputs and outputs 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 

| Ao “А; Column Address Inputs _ 
Ag ~ Ag | Row Address Inputs — | 

| Т ~ 1/04 i Data Input/Output 

| і cs = Chip Select Input | n 
WE | Write Enable Input — cs 

Г Мес Г | ` Supply Voltage m 

| GND | Ground a 1 bz 


TMM21 I 4AP-12 
ТММ2 I I 4AP-15 


suitable for use in microcomputer peripheral memory 
where high performance, lower cost, simple inter- 
facing are required. 

The TMM2114AP is fabricated with N channel 
Silicon gate depletion load type MOS technology by 
ion implantation for high speed, high performance 
and high reliability. 

The chip is moulded in the standard 18 pin plastic 
package with 0.3 inch width. 


e 2114A type pin compatible 
Fast Access time and Low Operating Current 
(Max.) 


TMM2114AP-12 | TMM2114AP-15 | 
taccins) | 120 | 150 | 
lccimA) | 60 | 60 | 

€ Input protected: All inputs have protection against 
static charge. 


BLOCK DIAGRAM 


=ч 
MEMORY CELL ARRAY | ---О GND 
64 x 64 


м COLUMN 
> INPUT/OUTPUT 


COLUMN DECODER 


бой MODE ] 
Hiqh Impedance Non-decode | 
Data Output Read | 
Data Input Write | 
MAXIMUM RATINGS 
SYMBOL ITEM RATING | UNIT - 
Vee Supply Voltage —0.5 ^ 7.0 | v 
Мо i Input/Output Voltaqe —0.5 ^ 7.0 V | 
Torr Operating Temperature 0—70 "G i 
TsrG Storage Temperature —55 — 150 eë 
TsoLDER Soldering Temperature * Time 260 • 10 °C + sec 
Po Power Dissipation (Ta = 70°C) 850 mW ~ 


DC RECOMMENDED OPERATING CONDITIONS 


Vout = 0.0V ~ 5.5V 


Supply Current lout = 0mA 


SYMBOL PARAMETER | MIN, — | TYP. | MAX, | UNT 
Vin Input High Voltage 2.0 = Vcc+1.0 M 
ViL Input Low Voltage -0.5 Г = 0.8 V 
Vcc Supply Voltage | 4.5 m 5 | 5.5 H v 
DC CHARACTERISTICS (Та = 0 ~ 70°C) 
SYMBOL | PARAMETER [ | CONDITIONS T MIN. | TYP." 

Іш Input Leakage Current | | _ MN = 0У 55V. -10 E 

Мон | Output High Voltage Isounce=—1.0MA | 24 | = 

VoL | Output Low Voltage Isink = 2.1mA | _ : - 

по Output Leakage Current CS = Vin or WE = Vit -10 | = 


i 


[oce 


* Ta = 25°C, Vee = 5V 


READ CYCLE 


TMM2114AP-12 


TMM2114AP-15 


SYMBOL PARAMETER TYP." | MAX 
tRC Read Cycle Time - 
ТАСС Access Time _ 


Chip Select Time 
Output Active from CS 


tco 


Deselect Time 


toH Output Hold From Address Change 


* Ta = 25°С, Vee = 5V 


WRITE CYCLE 


— 
TMM2114AP-12 TMM2114AP-15 
SYMBOL PARAMETER | = - 
L | MIN. | TYP.* | МАХ. | ТҮР. | MAX. 
—- -— + 
twe ‘Write Cycle Time I 120 | L 150 = 
twe | Write Pulse Width C 70 = Ires 
тув | Write Recovery Time 0 - I - 
topw Output High Z From WE Г 0 = 0 | = | 
tps | Data Setup Time 70 = ju | = 
tou Data Hold Time 0 E = 
o taw Address to Write Setup Time L 0 _ m 
* Ta = 25°C, Vec = 5V 
CAPACITANCE (Ta= 25°C, f = 1MHz) 
| SYMBOL PARAMETER CONDITIONS TYP. | MAX. 


Vin = AC Ground 


Cin Input Capacitance 


Cout Output Capacitance Vout = AC Ground 


Note: This parameter is periodically sampled and not 100% tested, 


TOSHIBA 


TIMING WAVEFORMS 


e READ CYCLE 


Ao ~ Ag 


МО; ~ 1/04 


L tre 


tco 
1.5V 


HIGH IMPEDANCE 


UNKNOWN 
tacc 


e WRITE CYCLE [1] *(1) 


Ag ~ Ag 
cs 

WE 

1/0, ~ 1/05 


Мн 


MIS 
Мін 


ML 


Мін 


Vit 


Уон/Мін 


v DATAIN 
STABLE 


Vor! Vit 
UNKNOWN 
*(2) 


DON'T CARE 


TOSHIBA 


e WRITE CYCLE [2] *(1) 


Мін 
Ao ~ Ag 
Vit 
Ее Мн 
cs 
Vin 
Мн 
WE 
Ми. 
Уон/Мін |/ V 
- 18у ФАТАІМ DON'T CARE 
1/0, 71/0; * STABLE N 
Vou/ViL 


Note *(1): A write occurs during the overlap of a low CS and low WE. 
And twp is specified as the logical ‘AND’ of CS and WE. 
*(2): If the CS low transition occurs simultaneously with or latter from WE low transition, the output buffers remain in a high impedance 
state in this period. 


OUTLINE DRAWINGS 


18 17 16 ТБ 14 13 12 11 10 Ë 
rir аг = Unit: mm 


22.8MAX. 7.62 * 0.25 
z = 
о 
© 


х 
< 
= 
5 
ш zy 4 
1 *0.1 
0.25 005 
2.54 + 0.25 1.44015 z š 
0.5+0.15 = 7.62 —8.8 
бі 


Note: All dimensions аге in millimeters. Each lead pitch is 2.54mm. 
All leads are located within 0.25mm of their true longitudinal Position with respect to No. 1 and No. 18 leads. 


Note: Toshiba does not assume any responsibility for use of any circuity described, no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 


. TOSHIBA MOS MEMORY PRODUCTS 


4096 WORD x 1 BIT STATIC RAM 


N CHANNEL SILICON GATE DEPLETION LOAD 


DESCRIPTION 


TMM315D/TMM315D-1 are 4096 word x 1 bit 
read write memories operated with 5V single power 
supply. The memories are static in operation and 
require no clocks or refresh period. This device has 
two types in data access - address access and chip 
select access which are equal and very high speed. 
When CS goes high, this device is deselected and 
changes into the low power standby mode automati- 
cally, and keep its state during the period that CS is 
high. Accordingly, this device is suitable for use in 


FEATURES 


Fully decoded 4096 word x 1 bit organization 
Static operation — No clocks 

5V single power supply 

Easy memory expansion — CS input 

Standby feature — CS = VIH 

I/O separate 

Three state output 

Directly TTL compatible 


PIN CONNECTION (TOP VIEW) 


Усс Ав Az Ав Ag Ato A11 Din CS 
anana ri ri n 
15 14 13 12 11 


PIN NAMES 

| Ag ~ As Row Address inputs 1 
Ав ~ Att Column Address inputs 

| DIN | Data input ] 
Dour | Data output | 
CS | Chip select input ij 

| WE | Write enable input Е 
Vec/GND Power supply 


TMM3 15D 
TMM315D- | 


larger memory system which the majority of devices 
are deselected, and is suitable for use in cache memo- 
ry required very high speed. TMM315D/TMM315D-1 
are directly TTL compatible and its output can drive 
the TTL up to 5: TMM315D/TMM315D-1 are fabri- 
cated with N-channel silicon gate depletion load type 
technology for stable and high performance. The 
chip is mounted in the standard 18 pin package of 0.3 
inch width for low cost purpose. 


e Current and Access time (Maximum value) 


PARAMETER TMM315D-1 | TMM315D " 
Active Current (Max.) | 180 mA | 160 mA | 
Standby Current (Max.) | 30 mA Í 20 mA 
Address Access time | 55 ns | 70 пѕ 1 
Chip select Access time | 55 ns | 70ns ] 


e Pin to pin compatible — i2147/i2147-3 
e@ Inputs protected — All inputs have protection 
against static charge. 


BLOCK DIAGRAM 


Memory 


A2 

Ж Cell Array 
As seg (64 x 64) 
Aa 


Column 1/0 2 Ооут 
circult 
Column decoder 


Ав Ал Ag Ag A10A11 


Output Power 
High-Impedance p Standby Deselected 
Data out | Active Read 
High-Impedance | Active —— | Write 
MAXIMUM RATINGS 
SYMBOL. ITEM m RATING UNIT ] 
Vcc Power supply voltage -1.5--7.0 ER) = 
VIN, OUT Input and output voltage -1.5--70 v | 
Topr Operating temperature 0~ 70 °C 
Tos I DRE ae —55 ~ 150 =] °С E 
Tsotdsr Soldering temperature - time 260 . 10 °C + sec 
Рр = Power dissipation (Ta = 70°C) | 10 | w 
Be lout ~ DC output Current > T |. 20 NH mA 
SYMBOL PARAMETER CONDITIONS | MIN. TYP. MAX UNIT ғ 
Мін Бі Input high voltage ae == 20 | = ^ 60 | N- 
ЕТТЕН Input low voltage 000 = T = | = 08 БЕК ЖЕК | 
Усс | š Power supply voltaqe E — | 45 T 50 | 55 | у 1 
ВЕ )PERATING В, 3 
Ta =0 ~ 70°C, Vcc = 5.0%+ 10%,unless otherwise noted 
SYMBOL PARAMETER CONDITIONS 
Мон Т Output high voltage Isource = —40 mA. 
VoL Output low voltage | | Isink =8 mA 
loH Output high current r^ VoH =2.4V 
loL Í Output low current - mM VoL -04V 
ІШ | Ир leakage current VIN =0— Vcc 
ILo Output leakage current Чи ави - +0.1 +50 uA | 
| CS = Мін or WE = ViL Br | | ІШ EN 
lec | Operating current S= Vit [TMMSID | - d ERE 160 mA 
output open TMM315D-1 - - | 180 mA 
І5в Standby current T= Vin TMMBISD = = + 20 mA 
output open TMM31 5031 
IsBP Peak power on current 1: С5-Мін ШЕ... 
| during power оп |TMM315D-1 | 


* Typical values are at Vcc = 5.0V, Та = 25°С. 


Ta=0~70°C, Vcc = 5V+ 10%,unless otherwise noted. 


ө READ CYCLE 


TMM315D-1 TMM315D 
SYMBOL PARAMETER MIN. “NAK MIN. 
tRC Read cycle time 55 - 70 
Address access time | s& | - 
Chip select access time 1 55 | = 
Chip select access time 2 _ [ 65 | _ 
Output hold from address change | PS 5 
Chip selection to output in low Z 10 ES 10 
[ Chip deselection to output in high Z 0 40 07 
tPU Chip selection to power up time 00 =e 12 0 
ІРО Chip deselection to power down time - 1 30 _ = 
@ WRITE CYCLE 
TMM315D-1 TMM315D 
[ SYMBOL PARAMETER MIN. T МАХ. MIN. MAX. ] aid 
twc Write cycle time 55 [ EE Wak = | ns 
| tcw Chip selection to end of write 45 E | E Б 55. | - ns 
| taw Address valid to end of write | 45 | _ 55 ЕЧ _ | ns 
tas Address set up time | 0 = 0 = ns 
twP Write pulse width 35 - 40 - ns 
tWR Write 2 recovery time _ | 88 - = “15 = ns кі 
105 Data set up time 25 - 30 - ns 
tDH Data hold time 10 [ = 7710 - ns 
Write enable to output in high Z ` 0 30 T 0 | 35 ñ ns 
n two Output active from end of write — Ó | - 0 - ns E 
ө AC TEST CONDITIONS Мес 
Input pulse levels | P Т 
- 5100 
Input rise and fall times 
Input and output timing reference levels Dout 30pF 
Output load 3002 


SYMBOL | 
CIN 


PARAMETER 
Input bape Guanes 


[Ошен — | 7 [= ] 


This parameter is periodically sampled and is not 100% tested. 


| 


Fig. 1 Output load 


READ CYCLES (E ~ vin CB vu 


TIMING WAVEFORMS Eran —— zx 


race mmmn 


ой T 525 «ЕСТІ: 


Е--- 


READ CYCLE 2. GWE - Vy) im 


s 
k B —— о ~ 
‘se ы 


ма == 


we 


Sour 


p 


Note: (1) Addresses are to valid prior to or coincident with CS transition low. 
(2) tcol: Chip is deselected for a time that is greater than 55 ns prior to selection. 
tco2: Chip is deselected for a time that is less than 55 ns prior to selection. 


t Unit in mm 


OUTLINE DRAWINGS = Ë es: 3 Y ай тае ss К as ШЇ ] 


7.5 MAX. 


ти ЕИ нш 08 p тир p Пар ШЕЛ ЫШ ШШ и 


= 23.2 MAX - 
—_ 79t025 | 
i 
z 0-15? 
Note. 1. Each lead pitch is 2.54 mm. All = 0.25 *0-1 
leads are located within 0.25 тт of 5 -0.05 
their true longitudinal position with = 
respect to Мо. 1 and Мо. 18 leads. e 8.00 — 10.20 
n 1 1 ии 2.54 Тур. —— — 
2. Alldimensions are in millimeters. - - --- -1--1--1.52%0.25 
0.46 %0.15 


Note: Toshiba does not assume апу responsibility for use of апу circuitry described; по circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry. 
© Aug., 1980 Toshiba Corporation 


TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD X 8 BIT STATIC RAM 


N CHANNEL SILICON GATE DEPLETION LOAD 


DESCRIPTION 


The TMM2016P/D is a 16384-bit static random ac- 


cess memory organized as 2048-words by 8-bits and 
operates from a single 5V power supply. Common 
8-bit input/output, output enable (OE) and pin-com- 
patibility with 2716 type EPROM (TMM323D) allow 
a wide application in 


microprocessor peripheral 


memory, 
In memory expansion, low power application i 
select input (CS) 


possible by using the chip When CS 


TMM2016P/D 
TMM2016P-1/D- I 
TMM20! 6P-2/D-2 


is in Мін level, the device is in low power standby 
mode 

TMM2016P/D is fabricated with ion implanted N 
channel silicon gate technology. This technoloay pro 


vides high performance and high reliability. The 
TMM2016P/D is offered in both standard 24 pin 
plastic and cerdip packages, o.6 inch in width. 


FEATURES 
e Pin compatible with 2716 type EPROM e Output buffer control — OE 
e Single 5V supply — Vec = 5V + 10% e Easy memory expansion — CS 
€ Access time and current e Static operation — No clock or timing strobe re 
Г ТММ2016Р/0 TMM2016P 1/D 1 TMM2016P 2/D 2 quired 
Access time (MAX) | 150 ns 100 ns 200 ns e Directly TTL compatible — All inputs and outputs 
Operating current (MAX.) 100mA 120mA 140mA e Common data input and output 
Standby current (MAX ) 15mA 15mA 30mA e Three state outputs — Wired OR capability 
e Inputs protected — All inputs have protection 
e Power down feature — CS against static charge. 
PIN CONNECTION 2 BLOCK DIAGRAM 
A; «i ы ?ару 
Ag 02 23H Ag 
As g3 22H Ag А4 
Aa g4 21p WE As = 
A3q5 20b GE Ag 3 Memory 
A2 g6 зр Ayo Ау 8 Cell Array 
н? т m Ag i (128 x 16x 8) 
Ао gde 17р мов А c 
01 g9 лер io; б 
VO» d 10 15D 1/06 10 
Озот 14B 1/05 
GND 9 12 13P иод 1/01 o- 
Озо 1/0 Circuit 
1/03 o- 
1 1/05 o. 
SYMBOL NAME 100 HHI 
1/07 o 
Ap ~ A3 Column Address Inputs 1/080 
A4 ^ Ато Row Address Inputs 
cs Chip Select Input | 
WE Write Enable Input 
cs — 
1/04 ^1/Og Data Input/Output - 
OE Output Enable Input OE 
Vec Power (5V) 
= 
GND Ground 


SYMBOL 


Power Supply Voltage 
ViN, OUT Input and Output Voltage 

Operating Temperature 

Storage Temperature 


TsoLDER Soldering Temperature - Time 
Pp 


PARAMETER 


| symMBoL | PARAMETER — | CONDITIONS 
| liL Input Leakage Current 4 Vin 707 5.5V pa 
| lon Output High Current Vout =2.4V I 
@ lo — ER Output Low Current Vout <04У 
Мон — eni . Output High Voltage _| lout = -10mA. 
| VoL L Output Low Voltage | lout = 2.1mA 
CS = Мін or WE = Vj or OE = V 
lto | Output Leakage Current "n Ik ІН - = +10 uA 
Vout =9 ~ Усс | 
=== |e = й QUI _ B 4 | 
CS = Vcc | TMM2016P/P-1/D/D-1 = — 30 mA 
*Isgp Peak Power-on Current lout = 0mA - 
ding penn шайыны - _ 45 mA 
Е E | 4 те E E 
| | CS=Vin |TMM2016P/P-1/D/DA - = | 15 mA 
Isg Standby Current | r pes E ES К 
| lout =OmA !ТММ2016Р-2/0-2 - E 30 mA 
жә 4 д 12288220 + ы 4 + 
i TMM2016P/D = - 100 mA 
CS = Vit F — + 4 | = 
lec Operating Current TMM2016P-1/D-1 - = 120 mA 
lout = ОтА оаа ü T T | | 
I Š TMM2016P-2/D-2 zd Ac = | 140 mA 


*Note: | exceeds | maximum during power on. A pull-up resistor to V. on the cs input is required to keep the device deselected; otherwise, 
cc 58 сс 
power-on current approaches Ioc active. 


SYMBOL PARAMETER CONDITIONS UNIT 


Input Capacitance Vin = A.C. Ground Баги = 
Vour = А.С. Ground | 0 | 


* Note: This parameter is periodically sampled and is not 100* tested. 


READ CYCLE 


| swwot. 


PARAMETER 


tRC 


TMM2016P/D 


TMM2016P-1/D-1 | TMM2016P-2/D-2 


MAX. UNIT 


Read Cycle Time 


Address Access Time 


tco Chip Select Access Time | | 200 | ns | 
toe Output Enable Time | | E 

toH Output Hold Time from Address Change 10 

tcuz ра 1 10 


1 Output in Low-Z from CS 
L tcHz Output in High-Z from CS 


1012. Output in Low-Z from OE | Б 
L tone | Output in High-Z from OE _ 
tpu Chip Selection to Power up Time 0 
[ tp Chip Deselection to Power down Time T= = 
WRITE CYCLE 
т T 
| SYMBOL PARAMETER r es Mom n T ат пае 
=! 1 2а, S a ees 20. ч è 
twe_ , Write Cycle Time И | 150 — | 100 = | 20 
iw |. Chip Selection to End of Write | 120 122 ШЕ? | 90 i» E | 150 
| tas Address Set up Time | 20 ju 20 | — | 20 
twp Write Pulse Width | 100 = | 70 ga 120 
twR Write Recovery Time L 10 | = | 79 jJ. = El 
tps Data Set up Time | 60 _ 40 | 
tpH Data Hold Time 15 
twLZ | Output in Low-Z from WE [ S" 
L Output in High-Z from WE T 


| Input Rise and Fall Times || 108 | 
Input and Output Timing Reference Levels 


Note: Output Load — 1TTL Gate and C, - 100pF 
(Including scope and jig) 


TIMING WAVEFORMS 


tRC - 


(A) READ CYCLE (1) Le 


Pout 


UNKNOWN 
(B) READ CYCLE (2) | 
Ге 'RC 
cs 
| 
| 
-- TCHZ 
Әоут OUTPUT DATA VALID 


E ІРО ..-- 


t - 
mG. ВОИ | 
SUPPLY Isp 


CURRENT 


(C) WRITE CYCLE (1) 


= 


two =- 


| 


TOSHIBA 


(D) WRITE CYCLE (2) 


ADDRESS 


Pout ХО Maa e дч д 


Ow DATA IN STABLE 


* Note: READ CYCLE (1) — WE is high for Read Cycle Е 
Device is continuously selected, CS = V L. Е 
READ CYCLE (2) — Ан addresses are valid prior to or coincident with CS transition low. 


WE is high for Read Cycle. ОЕ = Vii. 
WRITE CYCLE (22 — ОЕ = Vi. 


OUTLINE DRAWINGS 


e Plastic package 


24 23 22 2120 19 18 1716 15 14 13 


14.2 MAX. 


т 234 5 6 7 8 9 10771712 


32.4 MAX. 


z 
| 0.5*0.15 = 17.4 МАХ | 
atte. Pa A 
E 
€ Cerdip package Es 32.4 MAX. ^ 
24 23 222120 19 18 17 16 15 14 13 
i 
x 
E 
R 0.64 = 
п 
1 
д 
х 
< 
E = 
а | s 15.24 +0.3 
E о 
| 9 
° 
t 
ET 
= 
i | dant 
q 2.54+0.25 + Д 
z| "m 0.2 122038. 
z 046 910. 1 15.24 ~17.78 
NI 


Note: Each lead pitch is 2.54 mm All leads are located within 0.25 mm of their true longitudinal position with respect to 
No. 1 and No. 24 leads. 
All dimensions are in millimeters 


Note Toshiba does not assume any responsibility for use of any circuitry described. no circuit parent licenses are impiled, and Toshiba reserves 
the right, at any time without notice, to change said circuitry 


© oct., 1981 Toshiba Corporation 


PRELIMINARY 


Characteristics are subject to change without notice 


TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD x 8 BIT STATIC RAM 


ТММ20 16АР-90 TMM2016AP-12 


ТММ20 16АР-10 ТММ20 16АР- 15 


DESCRIPTION 


The TMM2016AP is a 16,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/100ns/ 
120ns/150ns and maximum operating current of 
80mA/65mA/65mA/65mA. When CS is a logical 


FEATURES 


€ Access Time and Current 


n 


Parameter | кемін Operating Standby 
Part Number Time (Max.) it ап 
TMM2016AP-90 |  90ns | 80mA mA | 
TMM2016AP-10 100п5 65mA | 7mA | 
TMM2016AP-12 120ns 65mA 7mA 
TMM2016AP-15 | 15015 | 65mA |  7mA 


high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2016AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2016AP is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 


Single 5V Power Supply 

Fully Static Operation __ 

Power Down Feature: CS __ 

Output Buffer Control: OE 

Three Stage Outputs 

All Inputs and Outputs: Directly TTL Compatible 

Inputs protected: All inputs have prtoection aga- 
inst static charge. 


BLOCK DIAGRAM 


PIN CONNECTION 


= 
ш 
> 
a 
° 
Е 


1/06 
PIN NAMES 1/04 
SYMBOL | | С NAME Ов 
Ao ~ AS | “Column Address Inputs | 
А4 ~ Дар! Row Address Inputs ; 
cs | Chip Select Input V cs 


ШЕ ж 27-2 Write Enable Input — We a 
1/0, ~ I/Os =j Data Input/Output F) ОЕ 
li [о] — | Output Enable Input = 
Vcc | Power (5V) - = 
GND Ground 


—— Vcc 


MEMORY 
CELL ARRAY 
(128 x 16 x 8) 


-——0 GND 


ROW DECODER 


с 
D 


OLUMN 
ECODER 
rR WW H 


SYMBOL ITEM RATING 
Vec Power Supply Voltage 
Vin. Vout Input/Output Voltage 
Topr. Operating Temperature 
Tstg. Storage Temperature 
Tsolder Soldering Temperature * Time 
Pp Power Dissipation (Ta = 70°C) 


SYMBOL PARAMETER 
Input High Voltage 
Input Low Voltage 
Supply Voltage 


CONDITIONS 


Output High Voltage 
Output Low Voltage 


lout = —1.0mA 


lout = 2.1mA _ 
CS = Мн or WE = Vi, ог 

OE = Vin, Vout = OV ~ 5.5V 
Peak Power-on Current CS = Vcc. lout = 0mA 
Standby Current TS = Мн. lout = OMA 
Operating Current 
ТММ2016АР-10/-12/-15 
Operating Current 
TMM2016AP-90 


Output Leakage Current 


С5= Vit. lout = OMA 


CS = Vit. lout = OMA 


CAPACITANCE* (Ta = 25°С, f = 1.0 MHz) 


SYMBOL PARAMETER CONDITIONS 
Cin Input Capacitance Vin = А.С. Ground | 5 
Соот. Output Capacitance Vin = A.C. Ground | 10 


* Note: This parameter is periodically sampled and is not 100% tested. 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = БУ + 10%) 


READ CYCLE 


SYMBOL PARAMETER 


Read Cycle Time 


TMM2016AP-90 | TMM2016AP-10 | TMM2016AP-12 'TMM2016AP- 15]. 
MIN. | МАХ. A Б i 


tacc Address Access Time 


Chip Select Access Time 


| toe Output Enable Time 

5 Output Data Hold Time from 
OH Address Change 

teLz Output in Low-Z from CS 


Output in High-Z from CS 


| Output in Low-Z from OE 


toHz | Output in High-Z from OE _ 
Chip Selection to Power Up Time 0 
р | Chip Deselection to Power Down Time| - 


WRITE CYCLE 


TMM2016AP-15 ae r 


SYMBOL PARAMETER TMM2016AP-90 | TMM2016AP-10 [TMM2016AP-12 | Pe 12 
С [Write Cycle Time — E 

tcw Chip Selection to End of Write 70 

tas Address Setup Time | 20 

twp Write Pulse Width 60. 

twR | Write Recovery Time 0 

tps Data Set up Time 35 

tpH Data Hold Time 8 

twLz Output in Low-Z from WE 5 

twHz | Output in High-Z from WE m 


A.C. TEST CONDITIONS 


Input Pulse Levels 

Input Rise and Fall Time 
Input and Output Reference Levels 
Output Load 


1 TTL Gate & C, = 100pF 


TOSHIBA 


TIMING WAVEFORMS 


(A) READ CYCLE [4] ™ 


ADDRESSES 


Dout 


UNKNOWN 


Dout 


UNKNOWN 


Supply 


Current 


(C) WRITE CYCLE (11/3) 


twc 


ADDRESSES 


cs 
WE 
tos |. 
j- 
Din DATA IN VALID 
| twLZ | 

74744949:9:9:0:076479147674670707479707 О ! Ххх хх AC 

Bus * Коо (5) OK 


(D) WRITE CYCLE [2] 3 


two 


ADDRESSES 

cs 

WE 

Din 

5 225055 


Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = Мү, in read cycle [1]. 

(2) All address are valid perior to or simultaneously with CS transistions, 

(3) A write occurs during the overlap of low CS and low WE. 
The tcw is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE. 
OE is allowed to be low or high level in write cycle. 
If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transistion occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 
state in this period. 


These parameters are specified as follows and measured by using the load shown in Fig. 1. 


ГА) teras ТШ WLS: «x зина саналады Output Enable Time 
(В) esis eno WERE e arme roc, rerom .. Output Disable Time 


bossy 
HIGH IMPEDANCE 
=} 0.15V 


Dout 


1.8K2 


Dout 


1.0K2 


C, -30pF 
| Fig. 1 Output load condition for enable and disable time measurement. 


OUTLINE DRAWINGS 


Unit: mm 
24 23 22 21 20 19,18 17 16 15 14 13 
x 
« 
z 
N 
+ 
= 
12 9^4 5 6. 7 8.48 10 1t 12 x 
. < 15.24 TYP. 
2 Š 
= 
ë — 
© 
0.25 + 0.05 
1.4 £0.15 ç 17.4 MAX. 
z 
0.5 +0.15 = 
ч 
Dd 


Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 


longitudinal position with respect to No. 1 and No. 24 leads 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 


right, at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 


TOSHIBA MOS MEMORY PRODUCTS 


TMM 
TMM 


2,048 WORD x 8 BIT STATIC RAM 


DESCRIPTION 


The TMM2015AP is a 16,384 bits high speed 
and low power static random access memory 
organized as 2,048 words by 8 bits and operates 
from a single 5V supply. Toshiba's high performance 
device technology provides both high speed and low 
power features with a maximum access time of 90ns/ 
100ns/120ns/150ns and maximum operating current 
of 80mA/65mA/65mA/65mA. When CS is a logical 


FEATURES 


e Access Time and Current 


Parameter | ерен Operating Standby 
Part Number Time (Max.) Freie poses 
TMM2015AP-90 | | 90ns Boma | 7тА | 
TMM2015AP-10 | 100ns | 65mA 7mA | 
TMM2015AP-12 | 12015 65mA 7mA 
ТММ2015АР-15 | 1501 | 65mA | ?тА | 


РІМ СОММЕСТІОМ 


= 
ë 
5 
a 
Š 
E 


2015AP-90 TMM20!5AP-12 
2015АР-10 TMM2015AP-15 


high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2015AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2015AP 
is fabricated with ion implanted N channel silicon 
gate MOS technology for high performance and high 
reliability. 


High Density Assembly Capability: 
0.3 inch package 
(24 pins plastic DIP) 
Single 5V Power Supply 
Fully Static Operation 
Power Down Feature: CS 
Output Buffer Control: OE 
Three State Outputs 
All Inputs and Outputs: Directly TTL Compatible 
Inputs protected: All inputs have protection 
against static charge. 


BLOCK DIAGRAM 


—— Vcc 


MEMORY 
CELL ARRAY 


—=—o GND 
(128 x 16 x 8) 


ROW DECODER 


COLUMN 
DECODER 


ШО, o 
1/02 е 
PIN NAMES 1/05 o- 
SYMBOL | NAME € 
RA | eaan] им 
Aq ~ Ао Row Address Inputs 1/07 
| = _ | Chip Select Input — ПО 
| WE “Write Enable Input ki 
1/0, ~ I/Os I Data Input/Output 
| OB  — | Output Enable Input = cs 
iE Wee _ z^ Power (5V) | We 
| GND | Ground | бЕ 


етуді. ІТЕМ RATING 
Power Supply Voltage —0.5 ^ 7.0 
Input/Output Voltage -0,5~ 7.0 
Operating Temperature 
Storage Temperature 
Soldering Temperature * Time 


Power Dissipation (Ta = 70°C) 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


| SYMBOL PARAMETER 
Мін Input High Voltage 
Vit Input Low Voltage 


Vcc Supply Voltage 


10°С, Мес = 5.0V + 10%) 


CONDITIONS MIN. 
Vin = OV ~ 5.5V - 
lout = —1.0mA Қ 
lout = 2.1mA 

С5= Мін or WE = Мц or 

ОЕ = Мін. Vout = OV ~ 5.5V 
CS = Vec, lout = OMA 

CS = Vin. lout = OMA 


CS = Vit. lout = OMA 


D.C. CHARACTERISTICS (Ta = 0 — 
[ SYMBOL PARAMETER 
Input Leakaqe Current 
Output High Voltage 
Output Low Voltage 


| TYP. | Max. | UNIT 
10 


Output Leakage Current 


Peak Power-on Current 
Standby Current 
Operating Current 
TMM2015AP-10/-12/-15 
Operating Current 
TMM2015AP-90 


CS = Vit. lout = OMA 


CAPACITANCE* (Ta = 25°C, f = 1.0 MHz) 
PARAMETER CONDITIONS 


Cin Input Capacitance Vin = A.C. Ground 
Cout Output Capacitance Vin = A.C. Ground 
* Note: This parameter is periodically sampled and is not 100% tested. 


In | 
т Р- - - 
"mem АБАМЫН TMM2015AP-90 |TMM2015AP-10 [TMM2015AP-12 |TMM2015AP-15 
| . [| MAX. | MIN. | МАХ. | MIN. | MAX. | MIN. | MAX. | 
trac | Read Cycle Time = 


- | 120 = 150 
100 | — | 120 


tacc Address Access Time 
tco Chip Select Access Time 
toe Output Enable Time 


t Output Data Hold Time from 
OH | Address Change 


teLz | Output in Low-Z from CS 10 
tcHz Output in High-Z from CS _ 
[toz I _ | Output in Low- Z from OE ЕА 15 
toHz Output in High-Z from OE - 
tpu Chip Selection to Power Up Time 0 
tpp Chip Deselection to Power Down Time| — 
WRITE CYCLE 
i 
SYMBOL E iuge ju MIN MAX. | MIN. 
twc | Write Cycle Time 


Chip Selection to End of Write 
| Address Set up Time 
Write Pulse Width 

Write Recovery Time 

Data Set up Time 

Data Hold Time 

Output in Low-Z from WE 
Output in High-Z from WE 


Input Pulse Levels 

Input Rise and Fall Time 

Input and Output Reference Levels 
Output Load 


1.5V 
1 TTL Gate & CL = 100pF 


TOSHIBA 


TIMING WAVEFORMS 


(A) READ CYCLE |110) 


ADDRESSES 


HIGH IMPEDANCE 
Dour 


UNKNOWN 


(B) READ CYCLE [2] !) 2? 


cs 


Dout 


Supply icc ----------- 


Current Isg 


(C) WRITE CYCLE (11/3) 


= deum ECTS 


DATA IN VALID 


(D) WRITE CYCLE [2] ‘3 


twc 


aaa =s ¿yama ee 
L MN УУЛУ) 


ee 
Pour 5255 550% 


Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = Vj. in read cycle [1]. 

(2) All addresses are valid prior to or simultaneously with CS transitions, 

(3) A write occurs during the overlap of low CS and low WE. 
The tcw is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE. 
OE is allowed to be low or high level in write cycle. 
If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(Б) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 


state in this period. 
These parameters are specified as follows and measured by using the load shown in Fig. 1. 


(A) ter AGLZ WES зухезут аранға $a ег Output Enable Time 
(B) tenz ORZ ONZ «m ..... Output Disable Time 


Cs, ОЕ yp ay X RE 


bossy 
HIGH IMPEDANCE 
ж 


HIGH IMPEDANCE -4 


Dout 


1.8KQ 


1.0KQ2 


C,-30pF 
Т Fig. 1 Output load condition for enable and disable time measurement. 


OUTLINE DRAWINGS 


7.62 £0.25 


30.0 MAX 


5 MAX 


2.8 MIN. 


1.45 +015 


0.5 +0,15 


2.54 +0.25 


Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 


longitudinal position with respect to No. 1 and No. 24 leads 


Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD x 8 BIT STATIC RAM 


N-CHANNEL SILICON GATE MOS PROCESS 


DESCRIPTION 


The TMM2018D is a 16,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 45ns/55ns 
and maximum operating current of 150mA. When 
cs goes high, the device is deselected and placed in 
a low power standby mode in which maximum 
standby current is 20mA. 


FEATURES 
ө Fast access time 
tacc = 45 ns: TMM2018D-45 
tacc = 55 ns: TMM2018D-55 
e Low power dissipation 
lec = 150mA 
Isp = 20mA 
e Single 5V power supply 
e Fully static operation 


TMM2018D-45 
TMM2018D-55 


Thus the TMM2018D is most suitable for use in 
cache memory and high speed storage. The TMM- 
2018D is offered in 24 pin standard cerdip package 
with 0.3 inch width for high density assembly. 

The TMM2018D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 


e All inputs and outputs 
Directly TTL compatible 
Power down feature: CS = ViH 
Output buffer control: OE 
Three state outputs 
Inputs protected: All inputs have protection aga- 
inst static charge. 
e Package: 24 pin standard cerdip package, 0.3 inch 
width 


BLOCK DIAGRAM 
PIN CONNECTION 
Aa 
1 
As = 
2 Ав а MEMORY 
» o CELL ARRAY 
4 E 21 (128 x 16 x B) 
P= в = 
5 
š Ag 9 
ы > 
А 
7 а 10 
О 
8 E 
COLUMN 1/0 
CIRCUIT 
COLUMN 
DECODER 


PIN NAMES 
ji Ao ~Atro ^ Address Inputs 3 ] 
| 1/0, --1/04 | Data Input/Output | 
CS , Chip Select Input | 
| WE | _ Write Enable Input _| 
OE Output Enalbe Input 
| Vec Power (45V) 


| GND Ground 


RATING 


Input/Output Voltage 
Operating Temperature 
Storage Temperature 
Soldering Temperature - Time 
Power Dissipation 
D.C. Output Current 


PARAMETER TYP. | 
Input High Voltage _ 
Input Low Voltage _ 
Power Supply Voltage 5.0 


SYMBOL PARAMETER 


ЕШТЕ Input Current Vin = 0 ~ Vec Г - uA 
Мон Output High Voltage lon =—4.0mA 24 
VoL Output Low Voltage lo = 8.0 mA 1 = 
7 -0--М 
Output Leakage Current C$ Vin cc 
lec Operating Current 150 mA 
Isp Standby Current 20 


_ CAPACITANCE* (Та = 25°C, f = 1MHz) 
SYMBOL ` |. PARAMETER 
Cin Input Capacitance 


CONDITIONS MAX. UNIT 
Vin = OV 5 P 
Cout Output Capacitance Vout = OV 10 B 


*Note: This parameter is periodically sampled and is not 100% tested.; 


Е агсан ОО еа 
l 


А.С. CHARACTERISTICS (Та = 0 ~ 70°C, Vcc = 5V +5%) 


Read Cycle 


SYMBOL PARAMETER 


Read Cycle Time 
Address Access Time 


tacc 


tco 


Chip Select Access Time 


Output Enable to Output Valid 


Chip Selection to Output in Low-Z 


Chip Deselection to Output in High-Z 


Output Enable to Output in Low-Z 


Output Disable to Output in High-Z 


Output Data Hold Time 


Chip selection to Power Up Time 


Chip Deselection to Power Down Time 


Write Cycle 


TMM2018D-55 


| SYMBOL PARAMETER Se 


Max. 


Min. Max 


Write Cycle Time 


Chip Selection to End of Write 


Address Set up Time 


Write Pulse Width 


Write Recovery Time 
WE to Output in Low-Z 


WE to Output in High-Z 


Data Set up Time 
Data Hold Time 


Input Rise and Fall Times 5 ns 
Input and Output Timing Reference Levels 1.5V 


Output Load See Fig. 1 


Усс 


5102 


1/0 PIN 


30pF 


i 


Fig. 1 Output Load 


3002 


TIMING WAVEFORMS 


Read Cycle 1. (WE = Мн, CS = V) 


ADDRESSES 


Pout 52520 
© 
25 


Read Cycle 2. (WE = Мн, OE = Vit) 


Pout 


SUPPLY fpe. ~~ v i 


CURRENT Isp 


Write Cycle 1. 


two 


tew twR 


ba = 


HIGH IMPEDANCE 


PIN DATA IN STABLE 


Write Cycle 2. 


ADDRESSES 


tas tcw tWR 


a WOO 0—22 
TG 
= ZZ le XS 


HIGH IMPEDANCE 
Боот [5 


tps tDH 


DATA IN STABLE 


Note: 

1. In read cycle 2, all addresses are valid prior to or coincident with CS transition low. 

2. Тһе Operating temperature (Та) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
3. During the period of selected state (CS = V | L), all address inputs must not be in a high impedance state. 


TOSHIBA 


OUTLINE DRAWINGS 


Unit in mm 


24 23 22 21 20 19 18 17 16 15 14 13 


1 2 3 4 5 6 7 B8 9 10 11 12 


32.4 MAX 


; 4 
+L IET 
E il} 


|! | 
.54 ТҮР. 0.46 * 0.15 1.52 +0.25 
2seve | | IS ld 


0.51 MIN. 


| 
| p 


Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 24 leads. 


CMOS Static Random Access Memories 


4 KBit CMOS STATIC RAM COMPARISON TABLE 


1K x 4 CMOS STATIC RAM 


W i 
aS ШС 
Valid I i 
OPERATION 5 m EN 
MODE 
Valid DouT Ippo Valid Dout 
M. 
БИБЕГТІГІК ы 0 


АП address input circuits are controlled by CE. 


TC5514AP 


Addresses 


Address 


Difference in control function Buffers 


Once address transition occur, the device is activated Only when address transition occur under the 


independent of CE input levels condition of CE = L, the device is activated 


Difference in access time from 


address and chip enable 


16KBit CMOS STATIC RAM COMPARISON TABLE 


PIN CONFIGURATION 


TC5517AP 
TC5516AP TC5517BP 


TC5518BP 


OPERATION MODE 


H Device Number TC5516AP x x 8 | TC5518BP 
oo SEE = — —HE —— ws — = 
Pin No 1-8.22| 9~11 | 9-11 
ed. 30 23,19 | 13717 | power | 13-17 
Mode ame | CE, | CE, | BAN | Ap~Ajo| Ora 1/01.8 
WRITE | L L L Valid DiN lopo Valid DIN 
READ L|. |H | Vaid | Dour | Ippo Valid 
_| - | 
| | 
Ко ¢ 1 i | we | + . | Highz| Ірро ë 
i | 
| 
STANDBY2 | H | « | « « | Highz| Ibos » | Highz | loos 
Fe NNNININI SRI 
OUTPUT x. [N " N |N | 
DESELECT `x S S. HighZ | leo | | \ 


DATA RETENTION CHARACTERISTICS (Ta=-30 ~ 85°) 


SYMBOL PARAMETER CONDITIONS 
Vor Data Retention Voltage OV $ CES 02V 
or 
Ipps Data Retention Current Урр-0.2У $ СЕ $ Vpp “9) = Note (1) | рд 
T =a 12 
Chip Deselection to 
1сон Data Retention Time 0 zx | 
tR Recovery Time trcNote(2) w. uS 


Note (1): Refer to Ipps specification in individual data sheet. 
(2): Read cycle time. 


TIMING CHART 


DATA RETENTION MODE 


Уро 


VoD VOR m 


GND 


Мін 


СЕ 


Vpp-02V---f-----— NN 222252 ЖАа----А- 


Уш 


Note (3): For 16K Bit CMOS RAM, Урр-0.5у Š СЕ Š Урр 
Details аге specified іп TC5516/17/18 data sheets. 


Se a dap | 
| —-—— 


«mem тен — 
т 


MERG | 


——— 


сег | 


— — k = т 


«ён 
, 
4 
P 
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TOSHIBA MOS MEMORY PRODUCTS 


256 WORD x 4 BIT CMOS RAM 


DESCRIPTION 


Тһе TC5501P/D is a fully static read write memory 
organized as 256 words by 4 bits using CMOS tech- 
nology. Because of ultra low power dissipation, the 
TC5501P/D can be used as battery operated portable 
memory system and also as a nonvolatile memory 
with battery back up. The TC5501P/D operates from 
a single 5V power supply with a static operation, so 
that the no refresh periods are required. This simpli- 
fies the power supply circuit design. 


FEATURES 


e Low Power Dissipation 
55uW (MAX.) STANDBY 
83mW (MAX.) OPERATING 
e Single 5V Power Supply 
e Data Retention Voltage 2V to 5.5V 
e Package 
Plastic DIP : TC5501P 
* Cerdip ПІР: TC5501D 


PIN CONNECTION 
(TOP VIEW) 
aag 22D Урр 
Arg 210 A4 
Ail] 20[] Rw 
Ao f] 19D CE; 
Asq 18D op 
А«П 17D се; 
Arq 160 Douta 
Gnogs 15 Ding 
Pii 9 14[ Douts 
Dour1l]10 13D Ding 
DiN2(]11 12D Dout2 
PIN NAMES 
[| AA | Addressinputs — — 
R/W y Read Write Input mE 
CE), CE; g Chip Enable Inputs ] 
i DIN ~4 Ë Data Inputs | 
~ DOUT1 ~4 I Data Outputs rd c a 
00 Output Disable Input [» | 
__ Vpp/GND Power Supply Terminals | 


TC5501P/-I 
ТС55010/- 1 


The three state outputs simplify the memory ех- 
pansion making the TC5501P/D suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using Toshiba’s 
original C2MOS technology, the device circuitry is 
not only simplified but wide operating margin and 
noise margin are also realized. 

The TC5501P/Dis offered in standard 22 pin plastic 
and cerdip packages, 0.4 inch in width. 


Fully static operation 

Three State Output 

Input/output, TTL Compatible 

Access Time 

TC5501P/D  ; tACC < 450ns (MAX.) 
TC5501P-1/D-1; tacc £ 650ns (MAX.) 


BLOCK DIAGRAM 


Row Decoder 


Address Buffers 


I RATING 
Power Supply Voltage » | —0.3~ 7.0 
Input Voltage | —0.3— Vpp +0.3 
Output Voltage d Qe Vpp 
Power Dissipation (Ta = 85°C) 800 mW 


TsoLpER | Soldering Temperature Time А _| E 260. 10 1 
TsrG Storage Temperature —b5-- 150 ые 
ToPR Operating Temperature L -30--85 "C | 


SYMBOL | 


PARAMETER 


— s [MN | ТҮР. | MAX. 
Уор Power Supply Voltage | 45 | = | Be 
Е Input High Level Voltage қ | CUN - [Уор *0.3 
Input Low Level Voltage | -93 [= 0.65 
Data Retention Voltage aa I |80 | = _55 1 
SYMBOL | PARAMETER CONDITIONS MIN | TYP(1) 
lin Input Current OSVin < Уор = +0.05 
Ipps Standby Current е = E - 0.2 
Ippo | Operating Current Vpp = 5.5V, tcyc = 1us E ШЕ: 
- по Output Leakage Current 0 S Vour Уро | = *0.05 
loH Output High Current Vpp =4.5V, Мон =2.4V | —10 -20 
- Тог Output Low Current — — Vpp = 45V, Vor =0.4V 20 S9 | — 


Note (1) Ta = 25°C 


Vpp = 5У 


CONDITIONS 


Vin = OV, f = 1MHz 


SYMBOL PARAMETER 
Cin Input Capacitance 
| Cour Output Capacitance 


Vout = OV. f = 1MHz 


Note (2) This parameter is periodically sampled and is not 100% tested. 


= W) 


ө READ CYCLE 
SYMBOL PARAMETER uiu TOES d UNIT 
MIN. MAX. MIN. MAX. 
trac Read Cycle Time 450 _ 650 = ns 
tacc Address Access Time - | 450 - 650 п5 
tacts CE, Access Time - | 4% Е _ 600 ns 
tACC2 CE, Access Time - | 80 = | 700 ns 
topo OD Access Time _ | 250 _ 350 ns 
== | Output Enable Time o БЕ” o = ns 
tpis Output Disable Time 0 130 | 0 | 150 ns 
| tox Output Data Hold Time id d | e | 0 | - ns | 
ө WRITE CYCLE 
SYMBOL PARAMETER Tere) сш а UNIT 
MIN. MAX. MIN. MAX. 
twc Write Cycle Time 450 _ 650 — cog ns 
taw Address Setup Time | wo | = 150 3 ns 
te | CE, Setup Time й 130 = | 3450 = ns 
T T Write Pulse Width | to | = | ай. | = ns | 
| tps | Data Setup Time 298: | = 400 | = ms | 
їрн | Data Hold Time 50 - 100 | See ns | 
twR Write Recovery Time 50 - 50 - ns 


A.C. TEST CONDITIONS 


e Output Load 
e Input Pulse Levels 


: 100 pF + 1 TTL Gate 
: 0.45V, 2.4V 


e Timing Measurement Reference Levels 


Input 
Output 


Input Pulse Rise and Fall Times 


: 0.65V, 2.2V 
: 0.65%, 2.2V 
10ns 


— 103 — 


Read Cycle 
" à ' 
Write Cycle 1 ————— ЧЕ = 
ін M VIH VIH 
Write Cycle 2 k= wo _ и” 
ан 
Аи БТЗ 
Уін Y 
СЕ IH 
Ец Vit Уш 
1 
3 „||. 
CE2 мн | | 
| 72 
ун VIH 
"m ‘aire Уш 
ор 7 Уін 
1015 
PI 
105 IDH, 
v 
DIN VIP STABLE a 


— 104 — 


TOSHIBA 
TYPICAL CHARACTERISTICS 


tacc - VDD 


Та-25%С 
CL = 100pF 


Vop = 4.5У 
CL = 100 pF 


+ 


TCsso; ау 


tacc (ns) 


tacc (ns) 


ТС5507рур | 


tacc (ns) 


twp (ns) 


200 400 600 


Ta= 25°C 


twp (ns) 


Ippo (mA) 


Ta= 25°C 


Ippo mA) 


1ррѕ (uA) 


0 
-30 o 


90 
Ta (°c) 


= 105 = 


TOSHIBA 


100 


!pps (HA) 


lop (mA) 


0.1 


Тон (mA) 


4 
£ 
š 
B 


lor (mA) 


Мін (М) 


Vop tv) 
105- Уро 


Ta= 25°C 


Vir (V) 


tps (ns) 


= 106 


taw (ns) 


twr (ns) 


tps (ns) 


Ta= 25°C 


007: 


twp (ns) 


taw (ns) 


TOSHIBA 


twr - Та 


TOSHIBA 


OUTLINE DRAWINGS 


PLASTIC PACKAGE 


22 21 20 19 18 17 16 15 14 13 12 Unit in mm 
0.3 41 
g| 
R1.0 ° 
Е s 
 —————— a | 
123 4656 7 8 9 1011 
c| 27.6 MAX. 10.16 + 0.05 
al - = — ы 
a 
9| | 02МАХ __ z 
+ — z 
1 Е 
+— © 
i = =: 
M - - 
S 
н | | т i 
S P 
: 2.54 t 0.25 1 1.4+0.15 2 
e M Е: n 2l > 
0.5+0.15 ~ 
mt t aj 10.41 11.51 
CERDIP PACKAGE 
22 21 20 19 18 17 16 15 14 13 12 
x 
< 
= 
Ф 
a 
123 45678 9 1011 
; 27.6 MAX. | 10.5*0.15 
x — 
{Г 
2 š z 
ч F3 = 
© b 


I 


Notes Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect to 
No. 1 and No. 22 leads 


Note Toshiba does not assume any responsibility for use of any circuitry described. no circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry 
(OMar., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD X 4BIT CMOS RAM 


SILICON GATE CMOS 


DESCRIPTION 


The TC5047AP is a static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5047AP can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5047AP 
operates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 


FEATURES 


ө Low Power Dissipation 

110 uW (MAX.) STANDBY 
110mW (MAX.) OPERATING 
Single 5V Power Supply 

Data Retention Voltage; 2.0~ 


20 PIN Plastic Package 


5 


PIN CONNECTION 


TC5047AP- | 
TC5047AP-2 


The three state outputs simplify the memory 
expansion making the TC5047AP suitable for use ina 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs Only simple circuit. By using 
Toshiba's original C2MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5047AP family is moulded in a dual-in-line 
20 pin plastic package, 0.4 inch in width. 


Static Operation 

Three State Outputs 

Input/Output; TTL Compatible 
Access Time 

TC5047AP-1; tace € 550ns (MA X.) 
TC5047AP-2; tacc € 800ns (MA X.) 


BLOCK DIAGRAM 


u 


" 
18 


(ТОР VIEW) u 
А.П 200 Voo 
A 02 190 A, Аша: alle P 
А, Оз 18 D] Rw A1 o— са 2 
СЕ 2 o € — 
Ai[]4 17 CE, A2 "SEES MEMORY GND 
uo w 
А, 05 16 бор Аз ша a CELL ARRAY 
А = 
А, Цв 16 се, * 8 5 
As o- < т 
А, 07 14] a, X~ 
Data 1/0 | 
вмоЦв 13D A, ae ae algo sense АМР Er Db; 
at 2 — — Ф 
Data 1/0, Цэ 12р Data 1/0, а 201 се| COLUMN || || 
Data 1/030 ie ]Xz DECODER р; 
Data 1/0,0 10 11 [ Data 1/0, ос L 
Data 1/04 O He] oj _ exi 
t Е, 
| 
PIN NAMES кы 4-4 Ww ud 
d Ag Az Ag Ag 
А,~А, [| Address Inputs i—— Ue» E 
R/W | Read Write Input ж-е бесте) 
СЕ,, СЕ, 1 Chip Enable inputs се; Ds: eumd 
Data !/О,., Data Input/Output ЕЕ Д) | СЕ 
LE - (€ a CE,0— — 
oD Output Disable Input 


Урр/б мо Power Supply Terminals 
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SYMBOL 


ITEM 


Power Supply Voltage 
Input Voltage 


—0.3 ~ Vpp + 0.3 


Output Voltage 


Power Dissipation (Ta = 85°С) 


Soldering Temperature * Time 


Pp 
TSOLDER 


Storage Temperature 


Operating Temperature 


PARAMETER 
Power Supply Voltage 


Input High Level Voltage 


Input Low Level Voltage —0.3 
Data Retention Voltage 2.0 


(Та = —30—85°C) 


PARAMETER 


CONDITIONS 


МАХ. 


Input Current 


Standby Current 


| Мр =2~5.5V 
CE, = 0.2V, Output Open 


Operating Current 
Output Leakage Current 


Vpp=5.5V, tcyc=lus 
OV S Vout = vop 


Output High Current 
Output Low Current 


Input Capacitance 


Vpp74.5V, Мон = 24V 
Мор = 4.5V, Vo, = 0.4V 


Output Capacitance 


Note (1) Та = 25°С, Vpp = 5У 
Note (2) This parameter is periodically sampled and is not 100% tested. 


— W = 


A.C. RECOMMEN 
© TC5047AP-1 


PARAMETER CONDITIONS 
Read Cycle Time 


Write Cycle Time 


CE Setup Time 
CE Hold Time Vpp = 4.5 ~ 5.5% 
Precharge Time C, = 100 pF 
ТСЕ CE Pulse Width Vig = Vpp — 15V 
twe Write Pulse Width ~ Мор + 0.3V 


tps п Data Setup Time Vit = —0.3— 0.6V 

tpH Data Hold Time Ta = —30 ~ 85°С 

tow Write Setup Time 

trs Read Setup Time 0 - ns 
| try Read Hold Time 0 - п5 


Note (3) tces + tceH È 100 ns 
е TC5047AP-2 
SYMBOL T PARAMETER CONDITIONS 
Г tRC Read Cycle Time 
мс | Write Cycle Time 
tces | CE Setup Time 
Ясен СЕ Hold Time Мор = 4.5~ 5.5V 
tec Precharge Time C, = 100 pF 
m | CE Pulse Width Мін = Vpp.— 1.5V 
T Write Pulse Width Ej — Vpp + 0.3V 
TA L Data Setup Time Ми. = —0.3 ~ 0.6V 
= tDH Data Hold Time | Та--30- 85°C 
tew Write Setup Time 
tas Read Setup Time 
tRH Read Hold Time | 


Note (4) tcgs + tcEH È 200 ns. 


[9 


(Ta = —30-85'C) 


€ TC5047AP-1 


SYMBOL PARAMETER | CONDITIONS 
Access Time Vpp = 4.5— 5.5V 
Output Disable Time C, = 100 pF 
tcoe | Output Enable Time Мон =2.4V, Vo, -0.6У 
@ TC5047AP-2 
SYMBOL PARAMETER CONDITIONS MAX. | UNIT 
tacc | Access Time Vpp = 4.5~ 5.5V 800 | ns E 
tpis Output Disable Time C, = 100 pF ns 
tcog | Output Enable Time Мон =2.4V, Vo, = 0.6V 


== Шр 


TOSHIBA 


TIMING WAVEFORMS 


@ Read Cycle 


ө Write Cycle 


tRC 


ADDRESS STABLE 


Dio 


UNKNOWN 


two 


ADDRESS STABLE 


"AN 


ор 


twp 


VIH DATA IN мн 
Vie STABLE ү 


Dio DON'T CARE 


= 1012 


Vin (№) 


TYPICAL CHARACTERISTICS 


lo (mA) 


Іон(тА) 


5.0 


4.0 


3.0 


2.0 


Уон - lOH 
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Vit (№) 


TOSHIBA 


їон — Ta 


їон (mA) 


—30 o 


30 60 90 
Ta (°C) 
lot — Ta 
< 
£ 
a 
2 
Ta (C) 
"Vit — VoD 
4.0 
3.0 
2.0 = 
1.0 
0 
3.0 4.0 5.0 6.0 7.0 
vpo (V) 


twp (ns) 


TOSHIBA 


ТАСС - VoD 


ТАСС — Та 
800 B 
Та-25 C 
C, = 100 pF 
600 . 
o 400 
o 
i 5 
2 
200 ñ 
; 0 
š -30 б - L J 
vpo (v) X 
tacc – CL 
800 . 
600 . 
: = 
= 
} = 
И a 200 
о 
i z 
à 100 
Í 0 
9 200 400 600 800 A 
CL (pF) 
twp — Ta 
400 
Та= 25°С 
зоо 
E 
200 А 
о 
= 
100 
0 
—30 0 + L 1 
та CC) 
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tpc (ns) 


'pps (ША) 


20 


'ppo — Уор 


15 


10 


Ippo (mA) 


3.0 


100 


4.0 


10 


6.0 


7.0 


0.1 


0.01 
2 


200 


150 


100 


50 


o 
—30 


30 


Ta (с) 


60 


90 


—= 115 = 


Ippo (mA) 


'pps(HA) 


tps (ns) 


IDDO - Ta 


Урр = 4.5V 
їсүс = 1.0 us 


100 


10 


0.1 


0.01 


400 


200 


100 


Vpp (V) 


tps — Ta 


400 


tpH — Ta 


300 


200 


tps (ns) 


тон (ns) 


100 


—30 


OUTLINE DRAWINGS 


Unit in mm 
20 19 18 17 16 15 14 13 12 11 


27.5 MAX. 
10.16 «0.1 
Note: Each lead pitch is 2.54mm. All leads 
are located within 0.25 mm of their 
true longitudinal position with reec^ct 
to No. 1 and No. 20 leads. 
*0.1 
0.25 005 
1.2+0.15 


2.54+0.25 0.5 £0.15 


10.16 ~ 11.80 


3.2 MIN. 


Note: 


the right, at any time without notice, to change said circuitry. 


Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are impiled, and Toshiba reserves 
©Mar., 1980 Toshiba Corporation 


Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 


4096 WORD x 1 BIT CMOS STATIC RAM 


SILICON GATE CMOS 


DESCRIPTION 


The TC5504AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
4,096 words by 1 bit using CMOS technology, and 
operates from a single 5-volt supply. 

On chip latches are provided for addresses, data 
input and output, and read write control allowing 
efficient interfacing with microprocessor systems. 

The TC5504AP/AD is a fully CMOS RAM, there 
fore it is suited for use in low power applications 
where battery operation and battery back up for non- 


FEATURES 


e Standby Current 

0.2uA (Мах.) at Ta = 25°C 
1.0uA (Max.) at Ta = 60°C 
20uA (Мах.) 

Low Power Dissipation 
Single 5V Power Supply : 5V + 10% 

Data Retention Supply Voltage 2~ 5.5V 

All Inputs and Output : Directly TTL. Compatible 


TC5504APL/ADL 


: TC5504AP/AD 
: 15mW (Typ.) operating 


PIN CONNECTION 


(TOP VIEW) 


“Address Inputs 


[ Aa ~ А | = 
| RW | Read Write Control Input 
L С | Chip Enable Input ` 
| DIN Data Input Ф _| 
| Dour | Data Output ae 
| Vpp i Power = 

GND | | Ground I = F| 


TC5504AP-2/-3, TC5504APL-2/-3 
TC5504AD-2/-3, TC5504ADL-2/-3 


volatility are required. Furthermore the TC5504APL/ 
ADL guaranteed a standby current equal to or less 
than 1дА at 60°C ambient temperature. 

The TC5504AP/AD is guaranteed for data reten- 
tion at a power supply as low as 2 volts. The TC5504 
AP/AD is directly TTL compatible in all inputs and 
output. 

The TC5504AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inch in width. 


e Access Time 

200ns (Мах.): TC5504AP/APL/AD/ADL-2 
300ns (Max.) : TC5504AP/APL/AD/ADL-3 
Static Operation 

On Chip Address Register 

Three State Output 

Package 

Plastic DIP : TC5504AP/APL 

Cerdip DIP : TC5504AD/ADL 


BLOCK DIAGRAM 


= 17 = 


SYMBOL ITEM RATING | WNT 
Vop Power Supply Voltage Е -03- 70 mel I yo 
Vin 2 Input Voltage | Er р | -03-70 =y 
VouT Output Voltage - E 0~ Мр Žž у | 
P Power Dissipation 8 TC5504AP/APL | 550 E mW 

9 (Ta = 85°C) TC5504AD/ADL |. 80 — | mW 
" TsoLDER | I Soldering Temperature - Time 260 - 10 C-sec | 

TsrG ol Storage Temperature we ee —55 ~ 150 _ 25% = 
Тора Operating Temperature —30 ~ 85 "c са 


| SYMBOL | PARAMETER MIN. 
Vop | Power Supply Voltage 45 
| Мін Input High Voltage 2.2 
Vit [ Input Low Voltage -0.3 
Мон | Data Retention Voltage 2.0 


D.C. CHARACTERISTICS (Vpp =5V + 10%, Та = —30°С to 85°C, unless otherwise noted) 


ses] | PARAMETER | CONDITIONS | | MIN. [TvP.0)| max. | UNIT | 
Input Leakage Current | OV V < Voo - | — | *10| uA 
> Lo Tt Output Leakage Current CE = рр - 0.2V, 0V S Vous Vpp NENNT £50 | MA | 
dod | Output High Level Current! Von = 24V -10 | - | _ mA | 
E ‘Output | Low Level Current Мо, =0.4V 20 | - _ mA 
E 4 E = кд) |. i | 
Vpp = 2V ~ 5.5V TC5504APL | Ta = 25°C _ — | 0.2 | 
| | === V Sa EI = HA 
| = Мор —0.2V TC5504ADL Та = 60°С - _ 1.0 
Ibos Standby Current е - --- : — —— — 
| other inputs = TC5504AP | | 0.06 20 " | 
| = [ 
| | ке or Yoo | 02v, UAR АН =s n ый Ба 
= EOM Operating Current |_1сусіе HS, lout = Om = — ш | 
lanos teycle = 105, Ун = V Do Уп =OV. lour =0mA | — | 30 | 50 | mA | 


Note (1) Vpp = 5V, Ta = 25°С 


CAPACITANCE!2) (Ta = 25°C) 


| SYMBOL PARAMETER CONDITIONS 

| Cin Input Capacitance Vin 20V. f= 1MHz 

| Cour Output Capacitance | | Vout =0У += 1MHz 
Note (2): This parameter is periodically sampled and is not 100% tested. 


Ng 


A.C. CHARACTERISTICS (Vpp = 5V + 10%, Ta = —30°С to 85°C, unless otherwise noted) 


[ | TC5504AP-2/APL-2 TC5504AP3/APL3 | E 
SYMBOL | PARAMETER | TCB504AD-2/ADL2 TC5504AD-3/ADL-3 UNIT 
MIN. “MAX. MIN. MAX. | 
tRC | Read Cycle Time | | 2300 | ЕНЕР | 420 [= ] n | 
twc on Write Cycle Time | 300 = | 420 = | n — | 
'RMWC Read Modify Write Cycle Time 390 - | 580 | _ ns 
ü tas “Address Setup Time i | š 5 - Ei 5 - | ns ] 
tu | Address Hold Time | 86 ee |Б ЕЛ |= = [ъъ | 
| tpe | Precharge Time й o | = | 40% _ Í ns 
mem | Chip Enable Hold Time | 200 - | 800 = | ms 
tacc Access Time ma I _ 200 | eG 12% 300 Г ns | 
| too | Output Disable Time КЕСТОН | e Do 38 1 3 | 
tcoE Output Enable Time 0 | _ 0 - ns 
trs | Read Setup Time | 0 = 0 = ns | 
ІШ тян VI Read Hold Time Г 0 | = 0 ©з | ns | 
| tws | | Write Setup Time n] 0 | = 0 i | п | 
twH | Write Hold Time | 60 | _ T 80 T - | ns 1 
B ips | ‘Data Setup Time "pé 5 = | 5 | = | ns = 
ion | Data Hold Time i ED f e- 1 @ = | te. 
"мен | Write Enable to CE Hold тше | a | - | 150 = | m | 
tmp | Modify Time | 0 = | 0 = ns ~] 
A.C. TEST CONDITIONS 
Output Load : 100pF + 1TTL Gate 


Input Pulse Levels : 0.6 ~ 2.4V 

Timing Measurement Reference Levels 
Input : 0.8V and 2.2V 
Output : 0.8V and 2.2V 

Input Pulse Rise and Fall Times : 10 ns 


== 


TOSHIBA 


TIMING WAVEFORMS 


@ READ CYCLE 


TAS TAH 


Address 


HIGH IMPEDANCE 
DouT 


UNKNOWN 


* WRITE CYCLE 


Address 


R/W 


DIN 


DouT HIGH IMPEDANCE 


Address 


UNKNOWN 


— 20. 


Ipps VS. VDD 

Ta=25°C 
СЕ = VDD 
Vin = VDD 

< 

£ 

1%) 

a 

а 


Ipps (mA) 


Ippo (mA) 


| 


3.0 4.0 5.0 6.0 
Vpp (V) 


1ррѕ VS. VIN 


Vin (V) 
Ippo VS. Урр 


Ta = 25°С 
teycle = 1 25 


IDDO (тА) 


Vpp (V) 
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Ipps (тА) 


Ipps VS. Ta 


Ta (°C) 


Ipps VS. tcycle 


0 1 2 3 
teycle (HS) 
Ippo VS. Ta 


Vpp = 5.5V 
tcycle = 1 А5 


IDDO VS. teycle курарын 


| = 
Та = 25°С 
Урр = 5.5V 


| Ta = 25°C 


(mA) 


IDDO 
Vin. ViL (V) 


tcycle (uS) 


ІОН VS. Ta 


—12.0 


loH (mA) 
loH (mA) 


Ta= 25°C 
Урр = 4.5V 
20 7 
q < 
E t 
=l 
т 8 
10 
| | 
= | | 
| 
: ee ШЕ 
—40 0 40 80 


VoL (V) 
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Vpp (V) 


Normalized tacc VS. VpD 


Normalized tacc VS. Ta 


99V1 рәгцешіом 


“АСС VS. CL 


(su) 29Vig 


CL (pF) 
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TOSHIBA 
OUTLINE DRAWINGS 


@ PLASTIC PACKAGE 


18 17 16 15 14 13 12 11 10 


Unit in mm 


R1.0 
+ + z 
2.54 £0.25 1.420.15 5 
жік " 7.62~8.8 
— N 
ө CERDIP PACKAGE 
18 17 16 15 14 13 12 11 10 
i 
x 
< 
= 
Н 
! 
$ 2 3 4 5 6 7 B 8 
ЗЕ: 
228МАх 23 = 84102 
— е à а 
S ај 
! 
+ 
i -l-0-15* 
01 
1 025 005 
254TYP 1525025 z 
Ж Le ces š 
0461015 LJ 8.2 95 = | 
8 


Note Each lead pitch is 2.54 mm. All 
with respect to No. 1 and No. 18 
All dimensions are in millimeters. 


js are located within 0 25mm of their longitudinal position 
ds 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry. 
(OFeb., 1981 Toshiba Corporation 


=a 


TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD x 4 BIT CMOS STATIC RAM 


SILICON GATE CMOS 


DESCRIPTION 


The TC5513AP/AD is a 4,096-bit high speed static 
random access memory organized as 1,024 words by 
4 bits and operates form a single 5-volt supply. 

The TC5513AP/AD is a fully CMOS RAM and is 
therefore suited for use in low power applications 
where battery operation and/or battery back up for 
nonvolatility are required. The TC5513AP/AD is 


FEATURES 


e Low Power Dissipation 
27.5m W/MHz (MAX.): Operating 
e Standby Current 
0.2uA (MAX.) at Ta= 25°C 
104A (MAX.) at Та = 60°C 
20 uA (MAX.) TC5513AP/AD-20 
e Fast Access Time 
“асс: 200ns (MAX.) 
e Single 5V Power Supply 


PIN CONNECTION (top view) 


TC5513APL/ADL-20 


TC5513AP-20/TC5513APL-20 
TC551 3AD-20/TC551 3ADL-20 


guaranteed for data retention at power supply volt- 
ages as low as 2.0 volt. All inputs and outputs are 
TTL compatible. 

The TC5513AP/AD is packaged in a standard 18- 
pin dual-in-line plastic and cerdip package, 0.3 inch 
width. 


e Data Retention Supply Voltage 
2V to 5.5V 
Fully Static Operation 
On-chip Address Transition Detector 
Three State Outputs 
Inputs and outputs Directly TTL compatible 
Package 
Plastic DIP: TC5513AP-20/APL-20 
Cerdip DIP: TC5513AD-20/ADL-20 


BLOCK DIAGRAM 


Clock 
Generator 


- 


Precharge 
Circuit 


AsO H š š 
° $ 2 ——O Vpp 
А, О 5 із 5 Memory Cell 
s 3 2 1 Array — GND 
A10——] s E š (64 x 64) 
o o o 
T с c 


Register 
Decorder 


Sense Amp. and 
Column Decoder 


о!/О, O 


Column Address 


PIN NAMES р//0, Buffers 
po, O 
Ao ~ Ag Address Inputs 
R/W Read Write Input ce o> 
CE І Chip Enable Input 
Data 1/0, a | Data Input/Output 
Vpp/GND Power Supply Terminals ялу 


ITEM 


RATING 


TC5513AP/APL 


Power Supply Voltage -0.3~ 7.0 V | 
Input Voltage -0.3~7.0 v 
1/0 Voltage —0.3 ~ Vpp +0.5 


Power Dissipation (Ta = 85°C 
‘ower Dissipation (Ta = 85 С) — ен. 


Soldering Temperature * Time 


Storage Temperature 
Operating Temperature 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER MIN ТҰР; МАХ. 
Үрр | Power Supply Voltaqe 4.5 5.0 5.5 
Мн Input High Level Voltage 2.2 = Vpp + 0.3 
Vit Input Low Level Voltage -0.3 - | 0.8 
VpH Data Retention Voltage 2.0 - | 5.5 


D.C. CHARACTERISTICS (Ta = -30°C — 85°C, Vpp = 5V + 10%) 


SYMBOL PARAMETER CONDITIONS MI 
Input Leakage Current OV SV S Vpp = 
Output Leakage Current СЕ = Vin. OV < Vio S Vpp - 
Output High Current Мон = 2.4V -1.0 
Output C Vo. = 0.4У 2.0 - - А 
utput Low Current OL : 2 — m 
TC5513APL-20 Ta=25°C = = 0.2 uA 
Vpp = 2V ~ 5.5V z a 
Standby Current s= TC5513ADL-20 Ta-60'C - = 1.0 ША 
CE 2 Vpp -0.2V — + T 
= TC5513AP 20. TC5513AD-20 - 0.05 20 uA 
+ 4 
Teycle = 105, lout = 0mA - 50 90 тА 
Operating Current teycle = 105, Vin = Мрр, Vit = OV, ай aa mA 
lout = ОтА | h E l 


Note (1): Vpp = 5V, Ta = 25°C 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


PARAMETER CONDITIONS 


Vin = 0V 


Input Capacitance 


Vyo = OV 


Input/Output Capacitance 


Note (2): This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Vpp = 5V + 10%, Та = -30 ~ 85°C) 


е READ CYCLE 


SYMBOL 


PARAMETER 


Read Cycle Time 
Access Time 
CE Access Time 


TC5513AP-20/APL-20 
TC5513AD-20/ADL-20 


Output Data Hold Time 
Output Disable Time 
Output Enable Time 


@ WRITE CYCLE 


SYMBOL 


PARAMETER 


Write Cycle Time 


TC5513AP-20/APL-20 
TC5513AD-20/ADL-20 


Address Setup Time 


Write Pulse Width 
Data Setup Time 


Data Hold Time 


Write Recovery Time 


A.C. TEST CONDITIONS 


e Output Load 


e Input Pulse Levels : 


100pF * 1 TTL Gate 


0.6V, 2.4V 


e Timing Measurement Reference Levels 


Input 


Output 


: 0.8V, 2.2V 
: 0.8V, 2.2V 


e Input Pulse Rise and Fall Times : 10ns 


TIMING WAVEFORMS 


€ Read Cycle (1) 


ADDRESS STABLE 


DouT 


* Write Cycle 1 (R/W Controlled) 


ADDRESS 


DIN 


cour УУУУ 


© Write Cycle 2 (CE Controlled) 


ADDRESS STABLE 


R/w 


DIN 


Bout VA V 


Notes: (1) R/W іѕ high for a Read Cycle. 
(2) If theCE low transition occurs simultaneously with the R/W low transition, the output buffers remain in high impedance state. 
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ADDRESS 


50ns/DIVISION 
Урр = 55V 
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TOSHIBA 


OUTLINE DRAWINGS 


ө PLASTIC PACKAGE 


18 17 16 15 14 13 12 


11 10 


1.4+0.15 


2.54+0.25 oe 
0.5+0 15 


@ CERDIP PACKAGE 


1817 16 15 14 13 12 
sz o s sz — s л 


11 10 


Unit: in mm 


7.62+0.25 


025%, 


7.62 — 8.8 


T 
x 
< 
2 
г 
S 
паза $9 & 7 8 9 x 
2. < 
5 2 
22.8 МАХ, adi e| 9 
E | “| 
= 


TTC 


| 
| | 
254ТҮР. | | 1.52:0.25 


0.46*0.15 


2.5 MIN 


o~15° 


Na [ 


025102, | 


8.2 — 9.5 


Notes: (1) Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 18 leads. 
All dimensions are in millimeters, 
Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 


the right, at any time without notice, to change said circuitry. 
Apri., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD X 4 BIT CMOS STATIC RAM 
SILICON GATE CMOS 


DESCRIPTION 

The TC5514AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
1,024 words by 4 bits using CMOS technology, and 
operates from a single 5-volt supply. 

The TC5514AP/AD is compatible with the indus- 
try produced NMOS 2114 type 4KRAM, yet offers a 
more than 90% reduction in power of their NMOS 
equivalents. 

The TC5514AP/AD is a fully CMOS RAM, there- 
fore it is suited for use in low power applications 
where battery operation and battery back up for 


FEATURES 


e Standby Current 
O.2uA (Max.) at Ta=25°C 


1.00А (Мәлі таныс f ^ OO MAPL/ADI. 
204 A (Max.) : TC5514AP/AD 
Low Power Dissipation : 15mW (Typ.) operating 
Single 5-volt Supply : 5V + 10% 


Data Retention Supply Voltage : 2~ 5.5V 
Three State Outputs 
All Inputs and Outputs : Directly TTL Compatible 


PIN CONNECTION 


(TOP VIEW) 


А«П1 18 1Уоо 
As[]2 17[]^5 
Aa[]3 16[]^s 
АзП4 15[]^o 
Ao[]5 14[]Data 1/0) 


aige 13[ Data 1/02 
A:07 12[]Data 1/03 
ceges 11 рата 1/04 
100RW 


PIN NAMES 
Ao ~ А» Address Inputs 

| RW = u ü _ Read Write Control Input 

x CE ж Е N Chip Enable Input — ii 
Data І/01-4 | Data Input/Output 
Vpp/GND Power Supply Terminals Ei 


ТС55 | 4AP-2/-3, TC5514APL-2/-3 
TC5514AD-2/-3, TC5514ADL-2/-3 


nonvolatility are required. Furthermore the TC5514 
APL/ADL guaranteed a standby current equal to or 
less than 1u A at 60°C ambient temperature is availa- 
ble. 

The TC5514AP/AD is guaranteed for data reten- 
tion at a power supply as low as 2 volts. The TC5514 
AP/AD is directly TTL compatible in all inputs and 
outputs. 

The TC5514AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inchs in width. 


e Access Time 

200ns (Max.) : TC5514AP/APL/AD/ADL-2 

300ns (Max.) : TC5514AP/APL/AD/ADL-3 

Fully Static Operation 

On-chip Address Transition Detector 

e Fully Compatible with TMM314AP Family 
(Nch 2114 type 4KRAM) 


e Package 
Plastic DIP : TC5514AP/APL 
Cerdip ПІР : TC5514AD/ADL 


BLOCK DIAGRAM 


Clock Жор 
E- QE 


Memory Cell 


Array 


Row Address 
Row Address 
Row Address 
Decoder 


(64 x 64) 


SYMBOL 


Power Supply Voltage 


VIN Input Voltage 
Vio 1/0 Voltage 
Р Power Dissipation TC5514AP/APL 
š (Ta = 85°C) TC5514AD/ADL 
TsOLDER Soldering Temperature - Time 


Storage Temperature 


Operating Temperature 


[ symBoL | 
SYMBOL | 


PARAMETER 


Vpp 


Power Supply Voltage 


Vit 


Input High Level Voltage 
Input Low Level Voltage 


Data Retention Voltage 


(Vpp = 5V + 10%, Ta = —30 ~ 85°C unless otherwise noted.) 


_ | MIN. [TYP.( 


els 


TCBS14APL |Ta=26°C | 
TC5514ADL |Ta-60*C - 


|. PARAMETER. || CONDITIONS - 
ma | Input Leakage Current OV $ V S Vpp 
llo | Output Leakage Current CE = Vig, OV Š Vivo Š Vpp 
| lon 1. Output High Current Уон = 24V 
| lo | Output Low Current VoL =0.4V 
| | Vpp 72V ~ 5.5V 
Ipps Standby Current | All Inputs = 
| 0.2V or Vpp — en 
EN pem Current EU PS loup Dm 
Ippo2 


teycle = 105, Мін = Уро. Vit 70V. lour -0mA | — 


Note (1): Vpp = 5V, Ta = 25°C 


(Та = 25°С, f = 1MHz) 


SYMBOL PARAMETER CONDITIONS | 
Cin Input Capacitance Vin 70V | 
Сі/о Input/Output Capacitance 


Note (2): This parameter is periodically sampled and is not 100% tested. 


(А.С. CHARACTERISTICS ^ (Von =5V + 10%, Ta = -30 ~ 85°C) 


@ READ CYCLE 
-m 


TC5514AP-2/APL-2 TC5514AP-3/APL-3 
SYMBOL PARAMETER TC5514AD-2/ADL-2 TC5514AD-3/ADL-3 UNIT 
MIN 
Read Cycle Time 200 ns 
Access Time ns | 
CE Access Time ns 
Output Data Hold Time ns 1 
Output Disable Time ns 
Output Enable Time ns 
@ WRITE CYCLE 
] TC5514AP-2/APL-2 TC5514AP-3/APL-3 — 771 
SYMBOL PARAMETER TC5514AD-2/ADL-2 TC5514AD-3/ADL-3 UNIT 
| MIN. MAX. | MIN. | MAX. 
twc | Write Cycle Time [= 200 — = {| 300 = ns = 
taw Address Setup Time 0 _ 0 - | ns 
бур Write Pulse Width 120 = 150 = ] ns 
tps T Data Setup Time 120 - | 150 — = 1 Ооп 
tpH | Data Hold Time 0 = L 0 = | ns 
twR i Write Recovery Time 0 - 0 = | ns | 


Output Load : 100 pF + 1 TTL Gate 
Input Pulse Levels : 0.6%, 2.4% 
Timing Measurement Reference Levels 
Input : 0.8V, 2.2V 
Output Е O8V, 2.2V 
Input Pulse Rise and Fall Times : 10ns 


5-99 = 


TOSHIBA 


TIMING WAVEFORMS 
€ Read Cycle!!! T 25 2 ВЕ 
v VIH v 
ADDRESS їн А8 
vit м STABLE Уй. 
ДЕ tacc | тон 
v 
= 1H Vin | 
Уш 
TF 1015 
V V 
a Q0) "sna М 
VoL VoL 
tcoe 
ө Write Cycle 1 (RAN Controlled) 
чус 
ADDRESS VIR VIM STABLE via 
Vin Уш Vit 
'wR 
Т V 
cg (2) t 
СЕ 
Уһ. Vit 
taw | twP 
R/w 
DIN 
Dour 


© Write Cycle 2 (CE Controlled) 


two 
= - 
ViH ViH Vin 
ADDRESS STABLE 
Уш Уш Vit 
£ taw twR 
СЕ Мін 
Vit MIS 
\ Wr 7 м 
RW IH 
\ MIS MIN Z / 
tps 'DH 
= — — 
VIH V 
DIN LE IH 
Vin STAB Vib 
*СОЕ tpis 
- — —— 


Notes: (1) R/W is high for a Read Cycle. 
(2) If the CE low transition occurs simultaneously with the R/W low transition, the output 
buffers remain in a high impedance state. 
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tacc (NS) 


Normalized їдсс, tco1 


Мін, Vir (V) 


300 


200 


100 


ю 


Та = 25°С 
CL = 100pF 


= 
o 


2.5 


2.0 


Ta (°C) 


Vin, Vit VS. Voo 


1.5 


1.0 


ы 


Voo (V) 


tco1 (NS) 


Atacc (NS) 


Мін, Vit (V) 


TOSHIBA 


tco1 VS. Урр 


Ta= 25°C 
CL = 100pF 


4 
Мрр (V) 


Atace VS. CL 


Vpp = 4.5V 
Ta = 25°C 


100 


200 


300 400 
CL (pF) 


Vins ViL VS. Ta 


TOSHIBA 


Ippo VS. Уро 


Ippo VS. Та 


Vpp = 5.5V 
teycle = 14S 


5i | 


2.2V, 0.8V 


Ippo (MA) 


Мум = 2.2V, 0.8У 


VIN = Урр:9.2 


Ippo (MA) 


5.3v, 0.2V 
т 


` ы 40 
Vpp (V) 


Ta (°C) 


80 


Ippo УЗ. tcycle Ipps VS. Урр 


Vpp = 5.5V 
Ta= 25°C 
VIN = 2.2V, 0.8V 


Ilppo (MA) 


Ipps (NA) 


2 4 = | 
teycle (US) 


5 
vpo (V) 


Ipps VS. Vin — 


!pps (MA) 


lon (MA) 


= 56 


tot VS. VoL 


lot (MA) 


їррѕ VS. Та 


Урр = 55V 
СЕ = 5.5V 


1роѕ (NA) 


TOSHIBA 


@ PLASTIC PACKAGE 


18 17 16 15 14 13 12 11 10 


Unitin mm 


R1.0 
2.54 0.25 L ЕСІ š 
5450.25 | 1.4%ол5 > 
0.5 +0.15 E 7.62~88 
— N 


ө CERDIP PACKAGE 


18 17 16 15 14 13 12 n 1 


x 
< 
= 
š 
Š 
k Ж ow УЮ X $ Vw 
z 4 
228МАх > > 84202 
= E - = š 
BILE 
+ 
i от" 
ET 
i 925 00 
254TYP 1522025 & 
es ee | € 2 
= 
0.461015 a B2—95 
1 ii 5 - 


Note Each lead pitch is 2 54 mm All leads are located within О 25mm of their longitudinal position 
with respect to No 1 and Мо 18 leads 
All dimensions are in millimen 


Notes. Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry. 
© Oct., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD X 4 BIT CMOS RAM 
SILICON GATE CMOS 


DESCRIPTION 


The TC5514P is a full static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5514P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5514P oper- 
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 


FEATURES 


e Low Power Dissipation 
110 uW (MAX.) STAND BY 
110mW (MAX.) OPERATING; TC5514P-1 
138mW (MAX.) OPERATING; TC5514P 
e Data Retention Voltage 2V to 5.5V 
e Single 5V Power Supply 
e 18 PIN Plastic Package 


PIN CONNECTION 


(TOP VIEW) 


Ae[]1 18D Vop 
As []2 17 А5 
A4 g3 16 [] As 
Аз 04 15 [Ag 


Ао 05 14 [] Data 1/0; 
А1 06 13 [] Data 1/0; 
Аз 07 12 [] Data 1/03 
СЕ Цв 11 [ Date i/O4 
зорам 


РІМ МАМЕЅ 
Address Inputs 
RW Read Write Input 
CE Chip Enable Input 
Data 1/0; ~ 4 Data Input/Output 
Vpp/GND 


Power Supply Terminal 


TC5514P 
TC551 4P- | 


The three state outputs simplify the memory 
expansion making the TC5514P suitable for use in а 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using 
Toshiba's original С? MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5514P family is moulded in a dual-in-line 
18-pin plastic package, 0.3 inch in width. 


e Full Static Operation 

e Three State Outputs 

e Input/Output TTL Compatible 

* Access Time 
TC5514P ; tace = 450ns (MAX.) 
TC5514P-1; tacc = 650ns (MAX.) 


BLOCK DIAGRAM 


Ao O 
-"-ОУрр 
Ai š x 
€i 5 —o GND 
A; 5 8 
m 8 
АзО š = 
Ago 3 2 
Se 


m 89 


RATING 


SYMBOL 


VoD 
VIN 


Power Supply Voltage 
Input Voltage 


-0.3--Урр + 0.3 


Vout Output Voltage 

Pp Power Dissipation (Ta = 85°C) 
TSOLDER Soldering Temperature - Time 

TsrG Storage Temperature 

TopR Operating Temperature 


D.C. RECOMMENDED OPERATING CONDITION 


PARAMETER A 4 s 
Ур | Power Supply Volas — | 45 | ER wee дир aun 


2.2 
—0.3 


D.C. CHARACTERISTICS (Ta = —30 — 85°C) 


SYMBOL PARAMETER CONDITIONS ТҮР. (1) UNIT 
| tw [ tnpur ИШЕК? +005 


: Vpp 72V to 55V 
Standby Current CE = Vpp —0.2V; Output Open 20 m 
Other Inputs = 0.2V or Vpp —0.2V 
Vpp = 55V, tec = 1uS | TC5514P | = | 8775 ыу s | 
О с 
Output Open tesa |- | 10 | 
m. 


ЕНЕ 
| eit гана сатат | 95У5М7е — — — |- | som [sts | z | 
e feje] 
p 


A 
A 
A 


[ ovput Capacitance | тәме UO O Cid [5 [=] 


Note (1) Ta=25°C Vpp=5V 
(2) This parameter is periodically sampled and is not 100% tested. 
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[ tw | Write Pulse width — — — 
twR Write Recovery Time 


taw 
Output Data Hold Time 


SYMBOL PARAMETER CONDITIONS 


TC5514P-1 


Read Cycle Time 
Write Cycle Time 


Write Pulse Width 

Data Setup Time 

Data Hold Time 

Write Recovery Time 
Address Setup Time 
Output Data Hold Time 


Lowe | 
tps 
tDH 
taw 
toH 


SYMBOL PARAMETER CONDITIONS 


Vpp = 4.5 ~ 5.5V 

C, = 100pF + 1 TTL Gate 
Мін = 2.2 ~ Vpp %0.3У 
Vit = —0.3 ~ 0.65V 

Та = —30 ~ 85°C 


Мор = 4.5 ~ 5.5% 

CL = 100pF + 1 TTL Gate 
Мін = 2.2 ~ Мор + 0.3% 
Vit = —0.3 ~ 0.65% 

Та = —30 ~ 85°C 


— 14). — 


CE Access Time 


| tps | Output Disable Time 


TC5514P-1 


Output Enable Time 


(Ta = —30 ~ 85°C) 


Vpp =4.5~ 5.5V 
C, = 100 pF 
Мон =2.2V, Мо = 0.65V 


PARAMETER 


CE Access Time 


Output Disable Time 


Output Enable Time 


Vpp =4.5~5.5V 
C, = 100 pF 
Мон = 2.2V, Мо =0.65V 


| MN. | 
| - | 
m 
ЕСПЕ 
| 2 | 
CONDITIONS | MIN. | 
a 
gm 
[= | 
| 20. | 
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TIMING WAVEFORMS 


1 
* Read буш ) 


ADDRESS 


Pout 


ADDRESS 


= КЎ 
СЕ 


R/W 


Sout 


i 
" WLLL: 
EE s 


Sout 


Notes: (1) R/W is high for a Read Cycle. 
(2) If the CE tow transition occurs simultaneously with the R/W low transition, the output 
buffers remain in a high impedance state. 


c = 


TOSHIBA 


OUTLINE DRAWINGS 


18 17 16 15 14 13 12 11 10 


Unit: mm 
R10 
.BMAX. 7.62 + 0.25 
END 22.8M - | | 782®025., 
| 
0715 

0.25*0.1 
2.54 +0.25 14 015 22 ТОЮ 
0.5 t0.15 2 7627-88 

5 kasa. 


Note: All dimensions аге in millimeters. Each lead pitch is 2.54mm. 
All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 18 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 


ТС5516АР/-2, TC55lI6APL/-2 
TC55lI6AD/-2, TC55lI6ADL/-2 
TC55l6AF/-2, TC551I6AFL/-2 


2048 WORD x 8 BIT CMOS STATIC RAM 


SILICON GATE CMOS 


DESCRIPTION 


The TC5516AP/AD/AF is а 16384-bit static 
random access memory organized as 2048 words by 8 
bit using CMOS technology, and operates from a 
single 5 volt supply. 

The TC5516AP/AD/AF is featured by two chip 
enable inputs, that is, CE1 for fast memory access 
and CE2 for a minimum standby current mode, and 
is suited for low power application where battery 


guaranteed a standby current equal to or less than 
1u A at 60°C ambient temperature is avialable. 

The TC5516AP/AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5516AP/AD and EPROM can be in 
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica- 


operation or battery back up for nonvolatility are tion in microcomputer system. 


required. Furthermore the TC5516APL/ADL/AFL 
FEATURES 


e Standby Current 
0.2uA (Max.) at Ta = 25°C | TC5516APL/ 
1.0 A (Max.) at Та = 60°C | ADL/AFL 
1.0шА (Мах.) at Та = 25°C | TC5516AP/ 
5.0u A (Max.) at Та = 60°C | AD/AF 


e Access Time 
250ns (Max.): TC5516AP/AP L/AD/ADL/AF/AF L 
200ns (Max.): TC5516AP-2/APL-2/AD-2/ADL-2 
AF-2/AFL-2 
e Two Chip Enable (CE1, CE2) for Simple Memory 
Expansion and Battery Back Up. 


e Low Power Dissipation 200mW (Typ.) e All Inputs and Outputs Directly TTL Compat- 
Operating ible 
e Single 5V Power Supply : БУ +10% e Three State Outputs 


e Data Retention Supply Voltage: 2.0 ~ 5.5V 
e Fully Static Operation 


e Package 
Plastic DIP : TC5516AP/APL 
Cerdip ПІР: TC5516AD/ADL 
Plastic ЕР : TC5516AF/AFL 


PIN CONNECTION (тоғ view) BLOCK DIAGRAM ce, 


Ao 

A1 —— Vpop 
A2 MEMORY CELL ——o GND 
Аз ARRAY 

Aa 128 x 128 

As 


А6 
1/0109 
мо: 10 Vol 
моз 11 ) 
РІМ NAMES SNP 
=— са наявні == қ 1/08 
Ao ^ Ао | Address Inputs 
| RW | ReadAWrite Control Input 
.CE,,CE, | Chip Enable Inputs 
1/0; 198 | Data Input/Output R/W o 
VoD Power (+5V) ГІ RN 
E — - - — j CE; 
GND | Ground 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL ITEM RATING 
Power Supply Voltage —0.3V ~ 7.0V 
Input Voltage —0.3V ~ Vpp + 0.3 
Input/Output Voltage —0.3V ~ Vpp + 0.3 
Power Dissipation (Ta = 85°C) 0.8W (0.45W)* 
|. Tste | Storage Temperature —55°C ~ 150°C 
ToPR Operating Temperature —30°C ~ 85°C 
| TsoLDER Soldering Temperature - Time 260°C - 10 sec = 


*Plastic FP 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = —30°C ~ 85°C) 


SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
Мр | Power Supply Voltage 4.5 5.0 5.5 V 
Мн Input High Voltage 2.2 | - | Vpp +03 V 
Уш | Input Low Voltage | —0.3 | — | 0.8 M EI 
Мон | Data Retention Voltage | 20 | - | 55 У 

D.C. CHARACTERISTICS (Та = —30°C ~ 85°С, Vpp = 5V +10%) 

SYMBOL | PARAMETER CONDITIONS | MIN. | TYP. | MAX. | UNIT 
l Іш | Input Leakage Current 0 < Vin < Voo | a dp = p uh ША 
| Ito 1/0 Leakage Current СЕ, = Мн, OV < Vio € Уор = = +5.0 | uA 

іон Output High Current Мон = 2.4V | =1.0 | 220 _ mA 
M 
leu Output Low Current Vor = 0.4V ] 2.0 3.0 = | mA 
Ipps1 CE, =2.2V Ж, 1.0 3.0 mA 
TE, xy Pi ТСББ16АРІ/ |Ta=25°C | — - 0.2 
a pie ADL/AFL Та=60°С | — - 10 
| Standby Current Ta = 25°С _ j 1.0 A 
DDS2 y TCEB16AP/ | a = S] u 
Vpop = 2 — 5.5V ADIAR [Ta=6o°% | - - | 50 
[Ta=8s°c | - - | 30 
F 1 CE, = OV, Vin = Vin Mit, lout = 0mA 4 | 70 | 
= = бп = 
eer Operating Current с ae ee L mA 
Ippo2 CE, = OV, Vin = Vop/GND, lout = 0mA = 30 55 
Note: Typical values are at Ta = 25°C, Vpp = 5V. 
CAPACITANCE 
SYMBOL PARAMETER MIN. TYP. | Мах. UNIT 
Cin Input Capacitance _ 5 10 pF 
Со Input/Output Capacitance - 5 10 pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Та = —30 ~ 85°C, Vpp = 5V +10%) 


€ Read Cycle 
TC5516AP-2/APL-2 TC5516AP/APL 
SYMBOL PARAMETER TC5516AD-2/ADL-2 TC5516AD/ADL UNIT 
TC5516AF -2/AF L-2 TC5516AF/AFL 
MIN. MAX. MIN. MAX. 
ївс Read Cycle Time 200 _ 250 = ns 
tacc 1 Access Time = 200 - 250 ns 
tco1 CE, to Output Valid - 100 - 100 ns 
tco2 CE, to Output Valid = 200 = 250 ns 
1СОЕ СЕ, or СЕ, to Output Active 10 = | 10 = | Ẹ ] 
top Output High-Z form Deselection e: 80 - 80 ns 
toH Output Hold from Address Change 10 = 10 == ns 
ө Write Cycle 
i TC5516AP-2/APL-2. |  TC5516AP/APL 
SYMBOL PARAMETER TC5516AD-2/ADL-2 TC5516AD/ADL UNIT 
TC5516AF-2/AF L-2 TC5516AF/AFL 
MIN. MAX. MIN. MAX. 
twc Write Cycle Time 200 |]. = 250 | _ | n | 
twp Write Pulse Width 160 _ 200 _ ns 
taw Addresss Set Up Time 0 | _ | 0 | - i ns 
twR Write Recovery Time | 10 _ 10 = ns 
topw Output High-Z from R/W _ | 80 _ 80 ns 
toEw Output Active from R/W 10 - 10 - ns 
= Data Set Up Time | 80 = | 120 = m | 
tpH Data Hold Time 0 m 0 m ns 
A.C. TEST CONDITIONS 


Output Load 


: 100 pF * ITTL Gate 


Input Pulse Levels : 0.6V, 2.4V 
Timing Measurement Reference Levels 
Input : 0.8V and 2.2V 
Output: 0.8V and 2.2V 
Input Pulse Rise and Fall Times : 10ns 


TIMING WAVE FORMS 


@ Read Cycle 
Addresses 


PouT 


OUTPUT 


Уон LLOQ 
2 


DATA VALID Voi 


TOSHIBA 


€ Write Cycle 1 


NEUEN 


(7) СЕ, (CE) 


ус 


Vin Уін 


Addresses 


Vit. Vit Vit 
nw c меа мя 
VIH Vin 
АСЕР Үш 
оруу toEw 
SOOO RD (m IU 
D > Z 
өт ДЕКО ВВК 
Уін VIH 
ij Ç Уш Wile 
DATA IN STABLE 
Write Cycle 2 
чус 
Addresses мн Vin Vid 
Уп. Уш m 


қашса, ./ “ж 


оруу 

OI | 
DouT Сх 

OCC 

tps (3) хон (3) 
Уін Уін 

p | 
E (vey wP 


DATA IN STABLE 


Ry : UNKNOWN 


[7 
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NOTE: (1) R/W is high for a Read Cycle. 

(2) twp is specified as the logical “AND” of CE1, CE2 and RAN. "e> 
twP is measured from the latter of CE1, CE2 or RAN going low to the earlier of CE1, CE2 or RAN 
going high. 

(3) їрн, tps are measured from the earlier of CE1, CE2 or RAN going high. 

(4) If the CE1 , or CE2 low transition occurs simultaneously with or latter from the R/W low transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(Б) If the CE1 or CE2 high transition occurs prior to or simultaneously with the RAN high transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE1 or 
CE2 low transition, the output buffers remain in a high impedance state in this period. 

(7) A write occurs during the overlap of a low CE1, low CE2 and low RAN. In write cycle 2, write is 
controlled by either CE1 or CE2. 


DATA RETENTION CHARACTERISTICS (Та = —30 ~ 85°С) | 
SYMBOL ] PARAMETER J MIN. TYP. MAX. UNIT 

VpR Data Retention Power Supply Voltage 20 | - 5.5 У 

n | ТТСББТЄАРІЈ ЕТІК | - | - Í 02 | 

| [ADLIAFL | Ta" ec | - | - | o ] 

5 
Ipps | Standby Current TC5516AP/ Ta= = | - | 0.05 1.0 BA 
| AD/AF | Ta = s _ | - | 5.0 

Е J | Ta=85 С | - | - 30 | 
ісов | From Chip Deselection to Data Retention Mode 0 _ _ | us 
| tr | Recover Time E u u uu Edi | tnc (1) | - Sy е) us 


Note (1) tac : Read Cycle Time. 


DATA RETENTION MODE 


Урр 


Note: (2) If the Мүң level of CE; is 2.2V, during the period that the V pp voltage is going down from 4.5V to 2.7V, 15р 1 current flows. 
(Refer to D.C, CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.) 
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tacc (ns) 


TYPICAL CHARACTERISTICS 
t vs. V tco1 vs: Уро 
АСС DD гой 
та= 25°С Ta = 25°С 
aed CL * 100pF C, = 100pF 
150 
200 
* 
= 
> 400 
о 
о 
150 S 
50 
100 
0 
Vpp (V) 
At, vs. C 
80 ACC 1 
1.4 Урр = 4.5V 
CL = 100pF 
= L T” 60 
о 
912 s 
Š £ 
2 o 
40 
: š 
2 2 
81.0 4 
š 
5 20 
= 
0.8 
! 0 
-40 100 200 300 400 500 
Ta (°C) CL (pF) 
Vin. Vit Уз. Уро 
Ta= 25°C Мін, Мрр = 5.5V 
Vit, Yoo = 4.5V 
> 
= 
> 
i 
> 


Ta (°C) 


= 5 -— 


Ippo v Уро 


СЕ, = ov 


Ta= 25°с 


Ippo (mA) 


Ippo (mA) 


шы 5.0 


cycle (us) 


Ipps1 vs. Та 


Vpp = 5.5V 


GE; = 2.2\/ 


other inputs 


=0.8~2.2V 


Ipps1 (mA) 


Ta (°c) 
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TOSHIBA 


Ippo vs. Ta 


Ippo (mA) 


Ta (°C) 


Ipps1 У. Уор 


Ta = 25°C 
CE; = 2.2V 
other inputs 


= 0.8 —2.2V 


!pps1 (mA) 


6 7 
vpo (V) 


!pps2 vs. Уро 


Ta = 25°C 


EE, = Vpp —0.5V 


1ррѕ2 (nA) 


Ipps1 vs. Vin (CE2) 


Vpp = 5.5V 
other inputs 
=0.8~2.2V 
Ta= 25°C 


Ipps1 (mA) 


1.0 2.0 3.0 ЗЕ 
Vin (CE2) (V) 


'pps2 vs. Ta 


500 


300 


5.0 


100 


50 


30 


10 


Ipps2 (nA) 


0.5 


0.3 


Ta (°c) 


!DDS2 vs. Vin (CE2) 


Vpp = 5.5V 
other inputs 
= 0.8 —2.2V 
Ta = 25°C 


Ipps2 (nA) 


3.0 4.0 5.0 6.0 


Vin (CE2) (V) 


Тон ws. Уон 


loH (mA) 


ао 


9 2.0 3.0 25 
Мон (V) 


lor vs. VoL. 


lot (mA) 


Мог (V) 
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OUTLINE DRAWINGS 


* Plastic DIP 


32.4 MAX. 


14.2 MAX. 


2.54 + 0.25 1.4+ 0.15 


0.5+0.15 


€ Cerdip DIP 


Note: 
No. 24 leads. All dimensions are in millimeters. 
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13.8 MAX. 


0.38 MIN. 


15.24 TYP. 


0.25+ 0.05 


17.4 MAX. 


15.24 +0.3 


+0.15 
0.25 (40 


15.24 ~ 17.78 


Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and 


ө Plastic FP 


1.5 

—- 7 
(0.5) 

—La— 


11.8 t 0.3 


| 
0.43 + 0.05 


16.5 МАХ 4 


в 
+ 
| Get 
Ф| о 
S + 
ME 
Note: Each lead pitch is 1.27mm. 


All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 


TOSHIBA 


This new flat package is a very small and thin compared with conventional standard dual-in-line package. 


Differences are as follows. 


1. Difference in dimension between flat and 
standard package. 


Unit : mm 

^ Flat package | Standard package 
Length 16.5 ШЕШЕСІ 

Width 9.0 14.2 | 

Lead Pitch | 17 | — 254 | 

[Thickness | 16 | 5  ] 


3. Advantage of this package 


e Small dimensions 
e Capability of High Density Assembly 


2. Comparison in occupied space. 


DIP 


e Capability of thin Assembly — Capability of Assembly on both side of PC board. 


4. PC pattern layout example 
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
© Apr., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD x 8 BIT CMOS STATIC RAM TC5517AP/-2,TC5517APL/-2 


TC5517AD/-2,TC55 1 7ADL/-2 


зан TC55 1 7AF/-2,TC5517AFL/-2 


DESCRIPTION 


The TC5517AP/AD/AF is a 16384-bit static ran- 
dom access memory organized as 2048 words by 8 
bits using CMOS technology, and operates from a 
single 5 volt supply. 

The TC5517AP/AD/AF is featured by output 
enable and chip enable inputs, that is, OE for fast 
memory access and CE for a minimum standby cur- 
rent mode, and is suited for low power application 
where battery operation or battery back up for non- 


FEATURES 


ө Standby Current 
0.2шА (Max.) at Ta = 25°C | TC5517APL/ 
1.0шА (Max.) at Ta = 60°С ADL/AFL 
1.ОшА (Max.) at Та = 25°C | TC5517AP/ 
Б.ОшА (Max.) at Та = 60°C J AD/AF 
200mW (Typ.) 
operating 


@ Low Power Dissipation : 


@ Single 5V Power Supply : 5V + 10% 
e Data Retention Supply Voltage: 2.0 ~ 5.5V 
e Fully Static Operation 


PIN CONNECTION (тор view) 


PIN NAMES 
Ag ^ Ato [ Address Inputs | 
| R/W Read/Write Control Input 
| бЕ ! Output Enable Input q 
| GE Chip Enable Input 
| 1/0, ~| Os г Data Input/Output 
| Ap. P Power (45V) 
| GND | Ground 


volatility are required. Furthermore the TC5517APL/ 
ADL/AFL guaranteed a standby current equal to or 
less than 1A at 60°C ambient temperature is avail- 
able. 

The TC5517AP/AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5517AP/AD and EPROM can be in- 
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica- 
tion in microcomputer system. 


€ Access Time 
250ns (Max.) : TC5517AP/APL/AD/ADL/AF/ 

AFL 

TC5517AP-2/APL-2/AD-2/ 

ADL-2/AF-2/AF L-2 

Two Contro! Input (CE, OE) 

Pin Compatible with Nch Static RAM TMM2016P 

All Inputs and Outputs Directly TTL Compatible 

Three State Outputs 

Package 
Plastic DIP 


200ns (Max.) : 


TC5517AP/APL 
Cerdip DIP TC5517AD/ADL 
Plastic FP TC5517AF/AFL 


BLOCK DIAGRAM 


MEMORY CELL 
ARRAY 
128 x 128 


ROM DECODER 


DATA 
CONTROL 


1/0, 


RATING 


SYMBOL 
Power Supply Voltage -0.3V ~ 7.0V 


Input Voltage -0.3V ~ Vpp+0.3V 


Input/Output Voltage 
[P| Power Dissipation (Ta = 65°C) 


*Plastic FP 


PARAMETER 
Power Supply Voltage 
Input High Voltage 
Input Low Voltage 

Data Retention Voltage 


SYMBOL 


Урр 
ViH 
Уһ 
Мон 


PARAMETER 
Input Leakage Current 
1/O Leakage Current 


Output High Current 
Output Low Current 


CE = Vin, OV € Vio € Vpp 


Von = 2.4V 
TC5517APL/| Ta = 25 C 
ADL/AFL 


Standby Current 


Operating Current 


= OV, Vin = Vpp/GND, lour = OMA 
Note : Typical values are at Ta = 25 С, Vpp = 5М. 


SYMBOL PARAMETER 
Cin Input Capacitance 


Cio Input/Output Capacitance 


Note ` This parameter'is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Та = -30 ~ 85°C, Vpp = 5V + 10%) 


€ Read Cycle 
TC5517AP-2/APL-2 TC5517AP/APL 
SYMBOL PARAMETER TC5517AD-2/ADL-2 TC5517AD/ADL UNIT 
TC5517AF-2/AFL-2 TC5517AF/AFL 
zl MIN. MAX. | MIN. MAX. 

[ RC Read Cycle Time 200 - 250 - ns 
tacc Access Time | = 200 = 250 ns 
toe OE to Output Valid - 100 - 100 ns 
tco CE to Output Valid - 200 - 250 ns 
tcoe -+ OE or CE to Output Active 10 - 10 - ns 
top Output High-Z from Deselection - 80 - | 80 ns 
toH Output Hold from Address Change 1 10 - 1 10 | - | ns 

ө Write Cycle 
TC5517AP-2/APL-2 TC5517AP/APL 
SYMBOL PARAMETER TC5517AD-2/ADL-2 TC5517AD/ADL UNIT 
TC5517AF-2/AFL-2 TC5517AF/AFL 
MIN. MAX. MIN. | MAX. 

twi Write Cycle Time 200 = 250 - | m 
twP | Write Pulse Width 160 = UR = ns 
taw Address Set Up Time 0 _ 0 - ns 
Мун Write Recovery Time 10 | _ 10 _ | ns 
topw Output High-Z from R/W _ | 80 “< ll 80 ns 
toew Output Active from R/W 10 - 10 - ns 

m tps Data Set Up Time 80 | = | 32 = ns 
їрн | Data Hold Time E | 0 - n 0 EL ns 


A.C. TEST CONDITIONS 


Output Load 
Input Pulse Levels 


Timing Measurement Reference Levels 


Input 
Output 
Input Pulse Rise and Fall Times 


TIMING WAVE FORMS 
ө Read Cycle (1) 


Addresses 


Dour 


100pF + 1TTL Gate 
0.6V, 2.4V 


0.8V and 2.2V 
0.8V and 2.2V 
10ns 


«ХХ 
< 
QQOOOD 
SX 


OUTPUT 
DATA VALID 


У, 
voL р 
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@ Write Cycle 1 (1) 


Addresses 


R/W 


Pout 


Din 


ө Write Cycle 2 (2) 


Addresses 


R/W 


Pout 


Din 


QQ 


two 


WY ZZ 


toew торуу 
un 4% High Impedance 
tps (4) “рн (4) 
Уін Уін 
(| DATAINSTABLE |) 
Vie Vit 
twc 
4 Уін мн d Уін 
Vin MIS Уи. 
taw 
twp (3) t 
Wi ef WR 


i 


'coE topw 


tps (4) рн (4) 


Vin Ун 


ome 


MIS Vin 


= 160/<- 
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NOTE: (1) R/W is high for a Read Cycle. 

(2) OE = Vin or Vit. If OE = Мүң during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp is specified as the logical "AND" of CE and RAN. 
twp is measured from the latter of CE of R/W going low to the earlier of CE or R/W going high. 

(4) Чон, tps are measured from the earlier of CE of R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) 1f the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 


DATA RETENTION CHARACTERISTICS (Та = -30 ~ 85°C) 


SYMBOL PARAMETER | MIN TYP. | MAX. | UNIT | 
Vor Data Retention Power Supply Voltage 2.0 _ | 5.5 V 
TCSSI7APL/ |Ta-2/C | - | - | o2 
ADL/AFL _ |Ta-60'C kx 1.0 
| b t Ta = 25° = 005 | 10 A 
DDS2 Standby Curren TC5517AP/ a == u 
Ta=60 С - - 5.0 
AD/AF : 
Ta-85 C - - 30 
їсов From Chip Deselection to Data Retention Mode 0 = = us 
tR Recovery Time ївс(1) _ = us 


Note (1) tac : Read Cycle Time 


DATA RETENTION MODE 


Note (2) If the Үн level of CE is 2.2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, Ipps1 current flows. 
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OUTLINE DRAWINGS 


€ Plastic DIP 
— 
x 
< 
> 
ч 
ч 
cp 
32.4 MAX. š 15.24 TYP. 
10° š 
© 
/ 
— 
zl 
2.54+0.25 1.4+0.15 s 
0.50.15 17.4 MAX. 
@ Cerdip DIP 
32.4 MAX. 
24 23 22212019 18 17 161514 13 
x 
< 
> 
= 
E 
қ 123452678 9101112 
x 
< š 
= z 
5 š 15.24-0.3 
в bd 
T | | 
Ht 


| 15.24-17.78 


Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No, 1 and No, 24 leads 
All dimensions are in millimeters, 
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€ Plastic FP 
E z 
t = ч 
о 2 S 
M ë ч н 
n б ж E 
P эы = 
m 
o 
+ 
m 
= 
0.43 + 0.05 1.27 +0.1 0--1.27 0.15 +0.05 
- 16.5 МАХ 
S 
+I 
S 


(0.6) 


Note: Each lead pitch is 1.27 mm. 


All leads are located within 0.1 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 
This new flat package is a very small and thin com- 
pared with conventional standard dual-in-line package. 


Differences are as follows. 


1. Difference in dimension between flat and standard 2. Comparison in occupied space 


package. 
Unit: mm 


Flat package Standard package 
Length 16.5 | 32.4 DIP 
| Width 9.0 | 14.2 
| Lead Pitch 1.27 | 2.54 
| Thickness 1.6 | 5 


ЕР 


3. Advantage of this package 
Small dimensions 
Capability of High Density Assembly 
Capability of thin Assembly Capability of Assembly on both side of PC board. 


4. PC pattern layout example 


| 
ШІ 


Note: Toshiba coes not assume апу responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
(ONov., 1981 Toshiba Corporation 


= 164 — 


TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD x 8 BIT CMOS STATIC RAM 


SILICON GATE CMOS 


DESCRIPTION 

The TC5517BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5517BP/BD/BF has a output enable input 
(OE) for fast memory access and output control and 
chip enable input (CE) which is used for device 
selection and can be used in order 10 achieve the 
minimum standby current mode easily for battery 
back up. 

Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is bmA/MHz are achieved. 


FEATURES 

e Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

Standby Current 
0.2uA (Max.) at Та = 25°C | TC5517BPL/ 
1.ОшА (Max.) at Ta = 60°C | BDL/BFL-20 
1.0uA (Max.) at Ta = 25°C | TC5517BP/BD/ 
5.0uA (Мах.) at Ta = 60°C | BF-20 

Single 5V Power Supply : 5V+10% 

Data Retention Supply Voltage 2.0 ~ 5.5V 

e Fully Static Operation 


PIN CONNECTION 


(TOP VIEW) 


Address Inputs 


4 R/W mi Read/Write Control Input 

OE ji Output Enable Input u u ui 
F> CE | Chip Enable Input P А 
1/0, ~ 1/0, | Data Input/Output 


Vpp Power (+5V) 
GND Ground 


ТС5517ВР-20, TC5517BPL-20 
TC5517BD-20, TC551 7BDL-20 
TC5517BF-20, TC5517BFL-20 


Thus the TC5517BP/BD/BF is most suitable for 
use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5517BPL/BDL/BF L guaranteed a 
standby current equal to or less than 1uA at 60°C 
ambient temperature available. 

And the TC5517BP/BD/BF is pin compatible with 
2716 type EPROM. This means that the TC5517BP/ 
BD/BF and EPROM can be interchanged in the same 
socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system. 


e Fast Access Time 
tacc = 200ns (Max.) 
toe = 7Ons (Max.) 
e Output Buffer Control : OE 
e On-chip Address Transition Detector 
e All inputs and outputs Directly TTL Compatible 
e Three State Outputs 
e Package 
Plastic DIP : TC5517BP/BPL 
Cerdip DIP : TC5517BD/BDL 
Plastic FP : TC5517BF/BFL 


BLOCK DIAGRAM 


CLOCK 
GENERATOR 


PRECHARGE CIRCUIT 


54 в Т а T т 
As z a ш 
к ||z 9 
A6 5 бе| о MEMORY CELL 
Ay ос | [аш 8 ARRAY 
А 5%|1|<4|| в 128 x 128 
ы #20 z 
Ag FHIETIIE:I 
стт ус с 


SENSE АМР. АМО 
COLUMN DECODER 


COLUMN ADDRESS 
BUFFER 


DATA CONTROL 


CIRCUIT 
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OPERATION MODE 


MODE Ao ~ Ато МО; ~ в 
Read | | Stable Data Out 
Write Stable Data In 
Output Deselect a High Impedance 
**Standby * High Impedance 


Note: *:HorL “**: Data Retention Mode 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL RATING 
Power Supply Voltage —0.3V ~7.0V 
Input Voltage —0.3V ~ Vpp + 0.3V 
Input/Output Voltage | : _ —0.3V ~ Vpp + 0.3V 
Power Dissipation (Ta = 85°C) 0.8W (0.45W) * 
Storage Temperature —55°C ~ 150°C 
Operating Temperature —30°C ~ 85°C 
Soldering Temperature - Time I 260 °С. 10 sec. 


* Plastic FP = 0.45W 


PARAMETER 
Power Supply Voltage 
Input High Voltage 


Input Low Voltage 


Data Retention Voltage 


SYMBOL PARAMETER CONDITIONS MIN. | TYP. 
liL | Input Leakage Current | Os Vin < Уро = 
lio 1/0 Leakage Current CE = Мн, OV < Vio € Voo 
Іон Output High Current Vou = 2.4V 
lo. | Output Low Current | Моц =0.4V 
loosi | X CE =2.2V 


| [ TC5517BPL [Ta=25°C | 
/BDL/BFL-20\Ta=60°C  — 


=) 

ТС5517ВР/ :18:25С. - 
BD/Br20 |18760С. = 
= b ___|Та=85°С_ — 
Ippo1 | Teycle = 200ns | Vin = VIH/VIL 
ppo | Operating Current LEE at mas - Мм т Weniene 
DDO3 | cycle ~ IN ^ ViH/VIL 
Ippoa | CE = OV, lout = ОтА Vin = Vpp/GND 


E > Мор —0.5V 


Ipps2 Standby Current 


Мор =2 5.5V 


CAPACITANCE (Та = 25°C, f = 1MHz) 
SYMBOL PARAMTER 


Cin .. | Input Capacitance 
Cio Input/Output Capacitance 


Note: This paramter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Та = —30 ~ 85°C, Урр = 5V + 10%) 
€ Read Cycle 
SYMBOL PARAMETER 
tRC Read Cycle Time 


tacc Access Time 


toe OE to Output Valid 

tco CE to Output Valid 

1СОЕ ОЕ ог СЕ to Output Active 

top Output High-Z from Deselection 
toH Output Hold from Address Change 


@ Write Cycle 
SYMBOL PARAMETER 
twc Write Cycle Time 

Write Pulse Width 

taw Address Set up Time 

twR Write Recovery Time 

Output High-Z from R/W 

Output Active from R/W 

Data Set up time 

Data Hold Time 


A.C. TEST CONDITIONS 


Output Load : 100pF + 1TTL Gate 
Input Pulse Levels : 0.6V, 2.4V 
Timing Measurement Reference Levels 
Input : 0.8V and 2.2V 
Output: 0.8V and 2.2V 
Input Pulse Rise and Fall Times : 10ns 


TIMING WAVEFORMS 
е Read Cycle (1) 


Addresses 


СЕ 
ОЕ 
Ë | KO] Уон OUTPUT Vou 
ouT NS 5 VoL  DATAVALID VoL 


€ Write Cycle 1 (2) 


чус р ЗЕ 


Addresses 


СЕ 
twP (3) 
R/W 
High Impedance 
Pout MY MA EV ë v 
tps тон 
DIN | DATAINSTABLE | 


Vit Vin 


* Write Cycle 2 (2) 


Addresses 


R/W 


DouT 


DIN 


Vit Vin 


: UNKNOWN 
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Note: (1) R/W is high for a Read Cycle. 

(2) OE - Vin or Vic. |f, OE = Мін during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp is specified as the logical “AND” of CE and RW. 
twp is measured from the latter of СЕ or RAN going low to the earlier of CE or RAN going high. 

(4) tpH, tps are measured from the earlier of CE or RAN going high. 

(Б) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 


DATA RETENTION CHARACTERISTICS (Ta = —30 ~ 85°C) 


SYMBOL PARAMETER 

VDR Data Retention Power Supply Voltage 

[TC55178PL/ | Ta=25°C 
BDL/BFL-20 Ta=60°C 


lops2 Standby Current Ta=25°C 
P 
TC5517BP/ [Та=60°С 


BD/8F20 Кт вс 


From Chip Deselection to Data Retention Mode 


Recovery Time ївс(1) 


Note (1) tac : Read Cycle Time 


Уро DATA RETENTION MODE 


GND: 


Note (2) If the V |H level of CE is 2.2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, Ipps current flows. 
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OUTLINE DRAWINGS 
€ Plastic DIP 
2423222120 1918 1716 1514 13 
row 
X 
< 
š 
ALS 7 š 
E 
Ë 32.4 MAX. š 15.24 TYP. 
< 
e. E 
` Y 
— ЧА 
0.25 +0.05 
4 
2.54 +0.25 1.4 £0.15 z 
= 
0.5 +0.15 ч 17.4 МАХ. 
Dd 
€ Cerdip DIP 
32.4 MAX. | 


24 232221 20191817 16 151419 | 


x 
š 
во6а ^ s 
a 


123452678 8101112 


i MAX. 


15.24 + 0.3 


= +0.15 


15.24 ~ 17.78 


F 025 010 
z 
= 
т 
N 


Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 


ms 
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@ Plastic FP 


1.5+0.4 
1.5 £0.4 


11.8 0.3 


0.43 + 0.05 0 ~ 1.27 0.15 + 0.05 


16.5 МАХ 


(0.6) 


Note: Each lead pitch is 1.27mm. 
All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 
This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 


1. Difference in dimension between flat and 2. Comparison in occupied space 
standard package. 


Unit :mm 


Flat package | Standard package 
Length 16.5 | 324 
Width 9.0 14.2 


Lead Pitch ый 2.54 
Thickness | 1.6 | 5 


9. Advantage of this package id 
Small dimensions 
Capability of High Density Assembly 
Capability of thin Assembly —— Capability of Assembly on both side of PC board. 
4. PC pattern layout example 
(CE) (OE) 
Vpp LINE 


0 0 -= 


смо име Ñ 


13.0 (СЕ) (ОЕ) (тт) 


Note Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
© Mar., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD x 8 BIT CMOS STATIC RAM 


SILICON GATE CMOS 


DESCRIPTION 

The TC5518BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5518BP/BD/BF has two chip enable inputs, 
CE1 and CE2, which are used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. 
Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is bmA/MHz are achieved. 

Thus the TC5518BP/BD/BF is most suitable for 


FEATURES 

e Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

e Standby Current 
0.2uA (Max.) at Ta = 25°C| TC5518BPL/ 
1.ОшА (Max.) at Ta = 60°С | BDL/BFL-20 
1.04A (Max.) at Та = 25*C| TC5518BP/BD/ 
5.0pA (Max.) at Ta = 60°C| BF-20 

e Single 5V Power Supply: 5V+10% 

e Data Retention Supply Voltage 
2.0 ~ 5.5V 

e Fully Static Operation 


PIN CONNECTION 


(Top VIEW) 


VDD | Power (+5V) 


PIN NAMES 
| Ao~Aio | Address Inputs 
RAN he Read/Write Control Input 
CE, Р СЕ, ж Chip Enable Inputs м. 
1/0; ~ 1/Og Data Input/Output 
E A = 
| 


GND | Ground 


TC5518BP-20, TC5518BPL-20 
TC5518BD-20, TC55I8BDL-20 
TC5518BF-20, TC5518BFL-20 


use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5518BPL/ BDL/BFL guaranteed 
a standby current equal to or less than 14A at 60°C 
ambient temperature available. 

And the TC5518BP/BD/BF is pin compatible with 
2716 type EPROM. This means that the TC5518BP/ 
BD/BF and EPROM can be interchanged in the same 
socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system. 


e Fast Access Time 
tacc = 200ns (Мах.) 

e Two Chip Enables (CE1, CE2) for Simple 

Memory Expansion and Battery Back Up 
On-chip Address Transition Detector 
All Inputs and Outputs Directly TTL Compatible 
Three State Outputs 
Package 

Plastic DIP : TC5518BP/BPL 

Cerdip DIP: TC5518BD/BDL 

Platic ЕР : TC5518BF/BFL 


BLOCK DIAGRAM 


CLOCK i PRECHARGE 
GENEATOR CIRCUIT 


а 
А; 2 8 6 
= ре a 
As 5 Sej] o MEMORY CELL 
yo] Š ujj g 
5 < E E 128 x 128 
Aso) Bul | zo| | z 
КЕНЕЛЕ 
ET EZ: AN 
EL ce nl 
E = 2, -+ 
2 SENSE АМР. AND tem 
£ EJ] COLUMN DECODER ~H 
a. —+, Le 
° ШЕШ ау 
< COLUMN ADDRESS 1 
ЕР L pilli 
< BUFFER 4 
š 1 


OPERATION MODE 


r 


MODE [ CE CE, [ R/W | АА о 1/0, ^s POWER 

Read | [a L H | Stable Data Out Ippo 

Write I I L | Г | Stable Data In Ірро 

** Standby 1 Ы H- | * | x [High Impedance | Ipps 

**Standby2 | H * ж | Ы High Impedance | Ipps 

Note; *: Ноги **: Data Retention Mode 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL | ITEM mE RATING | 

Yop | | Power Supply Voltage | —0.3V ~ 7.0V | 

VIN | Input Voltage s —0.3V ~ Vpp+0.3V | 

Мо Input/Output Voltage | —0.3V ~ Vpp *0.3V 

Pp Power Dissipation (Ta = 85°C) 0.8W (0.45W)* | 

Tsë — Storage Temperature —55°C ~ 150°C =] 
| — Tap o — Operating Temperature —30°C ~ B5 C | 

TsoLDER Soldering Temperature - Time E Ё Е 260°C . 10 sec 


*: Plastic FP = 0.45W 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = —30°C ~ 85°C) 


SYMBOL | PARAMETER | МІМ. | ТҮР. | MAX. | UNIT | 
Vpp _ Power Supply Voltage 45 5.0 Ë 5.5 У | 
Мн Input High Voltage 2.2 | = | Vpp+0.3 V | 
Vit Input Low Voltage —0.3 _ | 0.8 V | 

: — T ] 
VDH | Data Retention Voltage ` I | 2.0 | AE ms ] у | 

D.C. CHARACTERISTICS (Та = —30°C ~ 85°C, Vpp = 5V+10%) 

[SYMBOL | PARAMETER | č CONDITIONS | MIN. | TYP. | MAX. | UNIT 
m Input Leakage Current OS VN < Vop ЖЕН БЕСЗЕ ШЕ ТЕЛІ: uA 
LO 1/0 Leakage Current СЕ, = Vin. OV € Vyo S Voo c ШЕ: $5.0 | HA 
он | Output High Current Vou = 2.4V -10 | —2.0 - mA 
oL Output Low Current VoL =0.4V ЕЕ | 20 30 | — mA 
pos | (CE, =2.2V or CE, =22V —  — — | = 10| 30 | mA 

UE von -05V or ТСББТ8ВРІ. |Ta=25°C | - | - | 02 | тА 
2522 /BDL/BFL-20, Ta=60°C = = 1.0 
DDS2 Standby Current CE, € Vpp —0.5V | SSS = йш кыш ҮҮ! 
= Ta=25 C — | 0.05 1.0 
TC5518BP/ жс } T T HA 
Vopr 259580 mar WEE i CERE 
] Ta=85°C - - 30 
DDO1 | | усе = 200ns, CE = Vin = VIH/VIL _ _ 30 
= ОМ = A Vin = Vi GND - - 25 

| Dope | Operating Current SE zi ошт = Om 19 = ор/ ——Fr — m 
Ippo3 teycle = 14s, CE, = Vin = Vin /Vit = = ШШ 
DDO4 СЕ, = OV, lout = 0mA | Vin = Vop/GND - - | 5 

Note: Typical Values are at Ta = 25°C, Vpp =5V 

CAPACITANCE 

[SYMBOL | PARAMETER i MIN. TYP. | MAX - UNIT 

| Cin | Input Capacitance _ 5 | 10 pF | 

| Co [ Input/Output Capacitance В = ІШ 5 1 10 pF 


Note: This parameter is periodically sampled and is not 100% tested. 


= г 


A.C. CHARACTERISTICS (Ta = —30 ~ 85°C, Vpp = 5V + 10%) 


Read Cycle 
SYMBOL PARAMETER MIN. TYP: [ MAX. UNIT 

tRC | Read Cycle Time 200 = = ns 
tACC | Access Time _ - 200 ns 
сот. _| CE, to Output Valid Е = = 200 n — 
tco2 CE, to Output Valid | _ - 200 ns 
СОЕ CE, ог CE, to Output Active | 10 _ = ns 

| top Output High-Z from Deselection — | - 60 ns 3l 
toH Output Hold from Address Change 20 _ - ns 

Write Cycle 

SYMBOL PARAMETER MIN. | ТҮР; [ MAX. UNIT 

|. мс Write Cycle Time 200 = | = ns 
Мр Write Pulse Width 150 - - ns 

[ taw Address Set up Time 0 _ _ 7 ПЕ 
twR | Write Recover Time | 0 | = = E ns 
tODW | Output High-Z from R/W | — | - 60 | ns 
toew Output Active from R/W 10 | - - ns 

| tps Data Set up Time g | 90 І _ Т - =ý ns 
tDH _ [баға Hold Time | 0 _ L - ns 

A.C. TEST CONDITIONS 


Output Load 


100pF + 1TTL Gate 


Input Pulse Levels : 0.6V, 2.4V 
Timing Mesurement Reference Levels 
Input 0.8V and 2.2V 
Output: 0.8V and 2.2V 
Input Pulse Rise and Fall Times 10 ns 


TIMING WAVEFORMS 


Read Cycle (1) 


Addresses 


DouT 


=f 


Мон 
сс» 
WY 
VoL 


TMT 
ЖЕГІШ 


Write Cycle 1. 


Addresses 


я 
5 


R/w 


DouT 


DIN DATA IN STABLE 


Write Cycle 2. 


——— —— | 


Addresses 


(7) СЕ; (CE) 


(7) CE, (CE2) 


R/W 


) 
"Вов (65 


DIN 


Ун Vin 


Уш Vit 


: UNKNOWN 


=e) — 


Note: (1) RAN is high for a Read Cycle. 

(2) twp is specified as the logical “AND” or CE1, CE2 and RAN. nob 
twp is measured from the latter of CE1, CE2 or R/W going low to the earlier of CE1, CE2 or 
R/W going high. 

(3) tpH, tps are measured from the earlier of CE1, CE2 or RAN going high. 

(4) If the CE 1, or CE2 low transition occurs simultaneously with or latter from the RAN low tran- 
sition in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(5) If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. S 

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE 1 or 
CE2 low transition, the output buffers remain in a high impedance state in this period. 

(7) A write occurs during the overlap of a low CE1, low CE2 and low R/W. 
In write cycle 2, write is controlled by either CE1 or CE2. 


DATA RETENSION CHARACTERISTICS (Ta = —30 ~ 85°C) 


SYMBOL | PARAMETER MIN. TYP. | MAX. | UNIT | 
" 7 + — T me Stal 
Vor Data Retention Power Supply Voltage 2.0 EX 5.5 у | 
| | ТС5Б1ВВР1/| Ta=25°C | - = 0.2 | 
| BDL/BFL-20| Ta = 60°C - - io | 
T = 
lipos? Standby Current EA "Hic 25°C = 005 | 10 | nA 
Ta = 60°C _ _ 5. 
BD/BF20 |——— БЕСІ 
Ta =85°С Е = j| 3*9 | 
tcpR From Chip Deselection to Data Retention Mode | 0 _ = | us 
tg Recover Time " іне | = = us 


Note (1) trc : Read Cycle Time 


DATA RETENTION MODE 


Vin 


CE, or СЕ; 


Vin 
GND 


Note (2) if the VIH level of СЕ; (CE |) is 2.2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, IDDS1 


current flows. 
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OUTLINE DRAWINGS 


€ Plastic DIP 


x 
< 
= 
z- 
= 
— 9 
32.4 MAX. -l x LLO15.24 ТҮР. | 
< p" 22-774 
10° = 
шш 


| | 
2.54 +0.25 | 1440.15 
JHL z 
0.5 +0.15 = 17.4 МАХ. 
= al | 
€ Cerdip DIP 
32.4 MAX. | 
= ol RN 
| 
24 2322 21201918 17 16151413 
xl 
al 
z 
H0.64 ө 
50:88 2 El 
12345678 9101112 
x| 
5 š 
2 š 15.24 +0.3 
wo 
Lx] 
= = 5 
r 
a ma 
| г ІЗ 0.25 *0-15 
T J -25 010 
1 1.3 £0.25 | 
ж 
z +0.15 ~17 
š m: |_ 1524-1778 | 
= 
“| 


Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudian! position with respect to No. 1 and No.24 leads. 


All dimensions are in millimeters. 
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€ Plastic FP 


s ч 
° o 
+H +H 
Ф re) 
= - 


1.27 € 0.1 0.15 + 0.05 


zn 16.5 МАХ 


Note: Each lead pitch is 1.27 пт. 
All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 


This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 


1. Difference in dimension between flat 2. Comparison in occupied space 
and standard package. 


Unit : mm 

Flat package | Standard package | 

[ Length | 1385 | soe | 
Width | 9.0 14.2 
- Lead Pitch 1.27 2.54 
Thickness > Jr 16 m | 5 | 


ЕР 


3. Advantage of this package 


Small dimensions 
Capability of High Density Assembly 
Capability of thin Assembly — Capability of Assembly on both side of PC board. 


4. PC pattern layout example 


Vpp LINE 


Note Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 


the right, at any time without notice, to change said circuitry 
©Mar., 1983 Toshiba Corporation 


Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 


8192 WORD x 8 BIT CMOS RAM TC5564P- і О/Р- l 5 
SILICON GATE CMOS TC5564PL- | О/ PL- | 5 


DESCRIPTION 
The TC5564P is a 65,536-bit high speed static to or less than 14 A at Ta = 60°C ambient temperature 
random access memory organized as 8,192 words by available. 
8 bits using CMOS technology, and operates from a The TC5564P also features pincompatibility with 
single 5-volt supply. the 64K bit EPROM (TMM2764D). This means that 
The TC5564P features output enable and chip the TC5564P and EPROM can be interchanged in 
enable inputs, that is, OE for fast memory access and the same socket, and flexibility in the definition of 
CE:, CE2 for a minimum standby current mode. the quantity of RAM versus EPROM obtained as a 
So it is suited for a high speed, and low power appli- result allows the wide application in microcomputer 
cations where battery operation and/or battery back system. 
up for nonvolatility are required. The TC5564P is The TC5564P is moulded in a dual-in-line 28 pin 
guaranteed for voltage as low as 2.0 volt. Furthermore standard plastic package, 0.6 inch width. 
the TC5564PL is guranteed a standby current equal 
FEATURES e Access Time 
° Low Standby Current | TC5564P-10 TC5564P-15 
0.2uA (Max.) at Ta = 25°С | TC5564PL-10 | | TC5564PL-10 | TC5564PL-15 
1.05 A (Max.) at Ta = 60°C | TC5564PL-15 Sora Aore 100 ns 150 ns 
| TC5564P-10 ee 
20 uA (Max.) at Ta = 85°C [ TC5564P-15 СЕ, баған Time toota 150 ns 
e Low Power Dissipation CE, Access Time | 
27.5mW/MHz (Max.) Operating (Max.) 100 ns | 150 ns 
e 5V Single Power Supply Output Enable БӨЛЕ 70 ns 
e 8,192 Word x 8 Bit Time (Max.) 
e Fully Static Operation e Directly TTL Compatible: 
e Data Retention Supply Voltage: 2.0 ~ 5.5V All Inputs and Outpus 
PIN CONNECTION (TOP VIEW) e Stndard 28 Pin DIP 
erroe — e Pin Compatible with 2764 type EPROM 
TC5564FL тмматсао BLOCK DIAGRAM 
Еа PRECHARGE CIRCUIT 
apo —— Yoo 
ee 88 masma 
^ 28 (65536) 
Aio 28 
A13 0— | 
PIN NAMES uai 
Ao ~ Ai2 Address Inputs М š 
R/W Read/Write Control Input wo, 8 
OE Output Enable Input 
CE,, CE; Chip Enable Inputs 
1/0; ~ !/Os — Data Input/Output | - 
Мур Power (+5V) Жа Т 5 
GND Ground = — 4D —— = 
N.C No Connection = sood у ce 
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OPERATION MODE 
Operation Mode | CE, | СЕ, T OE 
Read = E t ч s| TE 
Write E H | - 
Output Deselect L H H 
H * * 
Standb 
Y * 1 à 
MAXIMUM RATINGS 
SYMBOL ITEM | 
Мор Power Supply Voltage 
ViN Input Voltage 
Vyo Input and Output Voltage 
Pp Power Dissipation 
Tsolder Soldering Temperature 
= Тат Storage Temperature l 
Topr. Operating Temperature 


D.C. RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


SYMBOL | 
Vpp | Power Supply Voltage 
Мін Т Input High Voltage 
Vit Input Low Voltage 
VpH | Data Retention Supply Voltage 


R/W 1/0, ~ 1/05 Power — | 
H l Dour lopo 
L Din Ippo | 
T High-Z Ippo 
| * High-Z 1 Ios — 
Р | High-Z Ipps 
RATING I [| UNIT 
-0,3--7.0 V < 
-20-70 i V 
—0.5 ~ Vpp +05 | kapan“ ж 
10 үү 
260.10 °C . sec 
22 —B5- 150 l. a 
22-30-85 | «| 
MIN. TYP. | MAX. UNIT 
45 | 50 55 | wv 
22 = Vpp *0.3 V J 
-0.5 = 0.8 V 
2.0 - 5.5 у] 


D.C. and OPERATING CHARACTERISTICS (Ta = —30 ~ 85°C, Vpp = 5V +10% Unless otherwise noted) 


[ SYMBOL | 
Іп. Input Leakage Current 
lou Output High Current 
lot Output Low Current 
| Output Leakage 
| *8 Current 
+ 
Ірро1 Operating Current 
| 
Ippo2 | Operating Current 
| | 
| Ippsi | Standby Current 
Н 1 
Ipps2 | Standby Current 


PARAMETER | 
| Vin =O~ VoD 
Мон =2.4V 
VoL =0.4V 


CE, = Мн or CE; = Vit or 


RAN = Vi, or OE = Мн 
Vout = 0 ~ Мор 


CE, = Vp and CE; = Мің | teycle = 1 us 


| Other Input = Мін /ViL 
| CE, =0.2V and 

СЕ, = Vpp —0.2V 

Other Input 

= Vpp —0.2V/0.2V 

| GE, = мн or CE; = Vi 
| CE, =Vpp —0.2V or 

CE, =0.2V 

Мор =2.0~ 5.5% 


їсусе = 100п5 

teycle = 105 

teycle = 100ns 
TC5564PL-10 Та = 25°С 


TC5564PL-15 Ta = 60°С 
TC5564P-10/TC5564P-15 


| 2455 | 
40 


Note: In standby mode with CE; 2 Мор —0.2V, these specification limits are guaranteed under 


—0.2V or CE; € 02V. 
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+1.0 


4 4 - 


20 | 


the condition of CE; 


| MIN. | TYP. | MAX. | UNIT 


mA 


mA 


CAPACITANCE (Та = 25°C) 


m 


SYMBOL PARAMETER 
CiN Input Capacitance 
Сорт . ~ Output Capacitance 


A.C. CHARACTERISTICS 
Read Cycle 
SYMBOL PARAMETER 
tRC ' Read Cycle Time 
Ë tACC | Address AccessTime 
tco1 | CE, Access Time 
tco2 | CE; Access Time 
| Output Enable to 
toe ү S 
l Output in Valid 
Chip Enable (CE, , CE) to 
СОЕ Output їп Low-Z 
| Output Enable to 
1ОЕЕ 3 
Output in Low-Z 
mi | Chip Enable (CE, CE,)to | 
Output in High-Z 
| — | Output Enable to 
Output in High-Z 
Е toH | Output Data Hold Time 
Write Cycle 
SYMBOL PARAMETER 
| twc | Write Cycle Time 
Г twp | Write Pulse Width — 
| з Í Chip Selection to 
End of Write 
taw Address Set up Time 
twa a | Write Recovery Time 
| topw | АЛУ to Output High-Z 
toew RM to Output Low-Z 
| tps 1 Data Set up Time 
| toH | Data Hold Time | 
Note: Input Pulse Levels = Vi 


CONDITIONS 
VIN = GND 
Vout = GND 


CONDITIONS 


Vin = 2.4V/0.6V 
Мн = 2.2% 
Vit = 0.8V 
tr, tr < 5ns 
Мон =2.2V 
Vor = 0.8V 

Output 
Load: 
C, (100pF) 
and 1-TTL 
Gate 


CONDITIONS 


Vin = 2.4V/0.6V | 


Мн = 2.2V 
Vit = 0.8V 
tr, te Бп 


Timing Measurement Reference Levels = Мы , Vit 
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(Та = —30 ~ 85°C, Vpp = 5V + 10%) 
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TC5564P-10/PL-O | TC5564P-15/PL-15 


| MIN. MAX. 
100 = 
= 100 
| 
= 100 
= | 16 
= 50 
10 = 
5 = 
= 50 
= 40 
а T = 
2 TC5564P/PL 
MIN. | MAX. 
100 = 
70 = 
90 = 
| m— = 
0. - 
= 50 
[ о | - 
[ 4 | = 
0 жән 


4. E | 
| MIN. | МАХ. ЧАШ | 
| _150 = ns | 
|] ] 150 | ns | 

= | 150 | т 
_ 150 ns | 

i 

_ 70 ns | 

10 _ ns 
| 

5 _ ns 
- 70 ns | 
x! 2 ыб ка ЕЩ 
= 60 ns | 
E N, | 


TC5564P-1/PL-1 

MIN. I MAX. 
150 = 
100 


jJ UNIT 


ns 


ns 
ns 


ns 
ns 
ns 
ns 
ns 


ns 
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TIMING WAVEFORMS 


READ CYCLE (1) 


Addresses 


Dour 


'RC 


tacc 


AN 
IN! 


tOEE 


1СОЕ 


WRITE CYCLE 1 (R/W Controlled Write) 


Addresses 


R/w 


CE; 


DouT 


DIN 


1ОЕ 


(XXX 
RD 


УУЛУУ / / / 
//; / // 
/ L/L IV IS g Mg / 


topo 


2 — ДЫ 
"an X 


Уін- 
VIL == 


9 KA? К XY "V 
ARN Y 


NA 


= LEE 


tos 


DATAIN 
STABLE 


tDH 


WRITE CYCLE 2 (4) (CE, Controlled Write) 


Addresses 


R/W 


DouT 


DIN 


Addresses 


R/w 


CE; 


Ооот 


DIN 


twc 
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Мн — 
Mif — 


taw 


= ЖЖ 
vt МЧ“ 


1СОЕ 


topw 


m 
V V Y Y Y 
И; 
AAA 


мн — 
Vir — 
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tps 


tDH 


/ DATA IN У 
STABLE 
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NOTE: 
(1) R/W is High for Read Cycle. 
(2) Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after RAN Low 
transition, Outputs remain in a high impedance state. 
(3) Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to R/W 
High transition, outputs remain in a high impedance state. 
(4) Assuming that OE is High for Write cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Та--30- 85°C) 


SYMBOL PARAMETER MIN. | TYP. MAX UNIT 
Мон Data Retention Supply Voltage 2.0 [ - 5.5 V 
TC5564PL-10| Ta = 25°C = k = | 02 | HA 
Ipps2 Standby Current |PL-15 Ta = 60°С = | - | 1.0 | HA 
| TC5564P-10, P-15 - NECEM WEE - | HA 
tCDR Chip Deselection to Data Retention Mode 1 0 _ S us 
tR Recovery Time | tRC | - L _ us ] 
Note (1)  tgc : Read cycle time CE, Controlled Data Retention Mode (2) 


CE, Controlled Data Retention Mode (2) 


vpo 


Data Retention Mode 


Yoo 


GND 


CE, Controlled Data Retention Mode (4) 


v 
Do Data Retension Mode 


VDD 


Vin 
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NOTE: 
(2) In CE1 controlled data retention mode, minimum standby current mode is achieved under the condition 
of CE2 € 0.2V or CE2 2 Vpp —0.2V. 
(3) If the Мін of CE1 is 2.2V in operation, during the period that the Vpp Voltage is going down from 
4.5V to 2.4V, Ipps1 current flows. 
(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con- 
dition of CE2 € 0.2V. 


DEVICE INFORMATION 


The TC5564P is an asynchronous RAM using address activated circuit technology, thus the internal opera- 
tion is synchronous. Then once row address change occur, the precharge operation is executed by internal 
pulse generated from row address transient. Therefore the peak current flows after only row address change, 
as is shown in the following figure. 

This peak current may induce the noise on Vpp/GND line. Thus the use of about O.1uF decoupling 
capacitor every device is recommended to eliminate such noise. 


ADDRESS 


Ippo (МА) 
во Урр= 55V 
60 Мін 7 53V 
уц = 02V 
40 
20 Horizon 200nS/div 
o 
Fig. TYPICAL CURRENT WAVE FORMS 
OUTLINE DRAWINGS 


Unit : mm 


37.4 MAX. 15.24 TYP. 
2 
> 
Li 
S 
2.54 + 0.25 17.4 MAX. 
Note: Each lead pitch is 2.54 mm. 


All leads are located within 0.25 mm of their true longitudinal! position with respect to No. 1 and No. 28 leads. 


== = 


Note’ Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 


DESCRIPTION 

The TC5565P is 65,536 bit static random access 
memory organized as 8,192 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. Advanced circuit techniques provides both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum access 
time of 120ns/150ns. 

When CE2 is a logical low or CE1 is a logical high, 
the device is placed in low power standby mode in 
which standby current is 2u A typically. The TC5565P 
has three control inputs. Two chip enables (CE:, 
CE2) allow for device selection and data retention 
control and an output enable input (OE) provides 

FEATURES 
e Low Power Dissipation 

27.5mW/MHz (Max.) Operating 
Standby Current 
100uA (Max.) : TC5565PL-12, PL-15 
1mA(Max.) : TC5565P-12, P-15 
5V Single Power Supply 

Power Down Features: CE2, CE: 

Fully Static Operation 
Data Retention Supply Voltage: 2.0 — 5.5V 


PIN CONNECTION (TOP View) 


64k bit EPROM 
TMM2764D 


PIN NAMES 
[Ao A12 Address Inputs mi 
| RW | Read/Write Control Input Е H 
OE Output Enable Input 
| СЕ, ‚ CE; | й Chip Enable Inputs zl 
1/0; ~ I/Os Data Input/Output ] 
[Моо "ы | Power (45V) ж 1 
| GND Ш ^ Ground ` = 
[N (COE | _ No Connection |] 


TCS565P-12/P-15 
TC5B565PL-12/PL-15 


fast memory access. Thus the TC5565P is suitable 
for use in various microprocessor application systems 
where high speed, low power and battery back up 
are required. 

The TC5565P also features pin compatibility with 
the 64K bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same socket, 
resulting in flexibility in the definition of the quantity 
of RAM versus EPROM in microprocessor application 
systems. 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 


e Access Time 


[ТС5565Р-12 |TCS665P-15 
== TC5565PL-12|TC5565PL-15 


|Address Access Time (MAX.) | 120 ns 150 ns 
(СЕ, Access Time (МАХ) | 120ns | 150ns | 
CE, Access Time (МАХ.) | _ 120m | 150ns | 
[Output Enable Time (МАХ) | _60пз | 70г5 


e Directly TTL Compatible: All (nputs and Outputs 
e Standard 28 Pin DIP 
e Pin Compatible with 2764 type EPROM 


BLOCK DIAGRAM 


CLOCK - x 
ШЕНІ H PRECHARGE CIRCUIT 


MEMORY CELL 
ARRAY 
256 x 256 
(65536) 


ROW ADDRESS 
REGISTER 
ROW ADDRESS 


DECODER 


OPERATION MODE 
[ Operation Mode I CE, 1/0, ~ I/Os 
are 11 н 
, Write | L H 
L Output Deselect L H 
H * 
Standby ! = Г 7) 
dL 1 
MAXIMUM RATINGS 
SYMBOL ITEM [ RATING | UNIT 
| Voo Power Supply Voltage | -0.3 ~ 7.0 | V 
VIN Input Voltage —2.0— 7.0 v 
М/о | Input and Output Voltage —0.5 ~ Мур +0.5 | V 
Pp | Power Dissipation | 1.0 | w 
Tsolder Soldering Temperature | 260-10 °C - sec 
Tam Storage Temperature | —55 ~ 150 "G 
Topr. i Operating Temperature | 0-70. ү "c 
D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL | PARAMETER | MIN. ШЕКЕ? МАХ. UNIT 
Ven | Power Supply Woltage 4.5 | 5.0 1 5:5 V 
Vin Input High Voltage 22 Hi _ | Voo +0.3 M 
ViL Input Low Voltage = Z= -03 = | 0.8 | V 
Уон Data Retention Supply Voltage | 2.0 | - | 5.5 | v 


D.C. and OPERATING CHARACTERISTICS (Та = 0 ~ 70°C, Vpp = 5V +10%) 


1 


SYMBOL | PARAMETER | CONDITIONS MIN. | TYP. | MAX. | UNIT 
[i | Input Leakage Current | Vin = 0— Ур = | - +1.0 | m 
lOH | Output High Current Мон = 2.4V —1.0 - E mA 
loL Output Low Current | Vor = 0.4V 4.0 = | = mA 
is | Output Leakage | = = E и ET К, = 3 
Current IL or IH | +10 HA 
= | Vout = 9 ~ Мр 1 
а ee | = es 10 mA 
Ippo1 Operating Current CE; = Мн н! 
| Other Input = Мн Л. teycle = 100ns - - 45 тА 
| ~ | Voo = 55V ee E M 5 " 
| CE, - 02V, Exe ды m 
\рро2 | Operating Current + 1 
| CE, = Vpp —0.2V 
| Other Input = VIH /VIL | Е = d id jd 
Ippsi Standby Curren CE, = Мн or CE; = Vi Же ete | 3 | mA 
СЕ, = Мор —0.2V ог СЕ, = 0.2V| TC5565PL| - 2 100 uA 
[boh | SED Pune Von =2.0— 85V i i = ris | mA 


Note: In standby mode with СЕ, > Vpp —0.2V, these specification limits are guaranteed under the condition of CE; > Мор 


—0.2V or CE; < 02V. 
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CAPACITANCE (Та = 25°C) 


SYMBOL PARAMETER CONDITIONS 
Input Capacitance Vin = GND 
Output Capacitance Vout = GND 


Cin 
Note: This parameter is periodically sampled and is not 100% tested. 
(Ta = 0 ~ 70°C, Vpp = 5V +10%) 


Read Cycle 
SYMBOL PARAMETER Т apres ae 17С5565Р-15/РЫ-15 
tRC _| Read Cycle Time Vin = 2.4V/0.6V 
tacc Address Access Time Мін = 2.2% 
tco1 CE, Access Time E Vip = 0.8V 
| tco2 CE, Access Time tr. t£ < 5ns 
5% Output Enable to Мон = 2.2V 
Output in Valid Vo, = 0.8V 
= Chip Enable (CE, , CE, ) to 
| Output in Low-Z Output Load: 
ӛнер Output Enable to C, (100pF) 
Output Low-Z and 1-TTL 
= Chip Enable (CE, , CE;) to Gate 
top Output in High-Z 
ве Ошриї БЫР to 
Output in High-Z 
toH _| Output Data Hold Time 
Write Cycle 
TC5565P-12/PL-12 
SYMBOL PARAMETER CONDITIONS E rS Yl 
twc Write Cycle Time Vin = 2.4V/0.6V 150 _ ns 
twP Write Pulse Width Мн = 2.2V 100 | = ns 
hi lection Vit = 0.8V 
w Брекет" = = [=| 
tas Address Set up Time °| - ns 
= io? a 
tWRI Write Recovery Time (CE; , CE;) - ns 
topw R/W to Output High-Z —— 70 ns 
tOEW R/W to Output Low-Z | @ | — EE m3 
tps Data Set up Time | 60 j| = j| mn | 
їрн Data Hold Time | m Р =< T ше! 
әні | Data Hold Time (CE, , CE2) БЕЗЛ = | me | 


Note: Input pulse levels = Vin 
Timing Measurement Reference levels = Мің, Vi. 
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TIMING WAVEFORMS 
° READ CYCLE (1) 


Addresses 


CE; 


О! 
mi 


DouT 


Addresses 


R/w 


СЕ; 


ml 


ХАХАХУ Y VXYYXYXYYVYVYYV (А МУУ У XY YYYY 


RAK K > 3 ^ 
ANC) (23 X X X XXX X X X NA AX зуу 


DIN Vine | DATA IN 
кке STABLE 


DouT 
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WRITE CYCLE 2 (4) (CE, Controlled Write) 
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Addresses 


R/w 


CE, 


DouT 


DIN 


WRITE CYCLE 3 (4) (CE; Controlled Write) 


DATA IN 
STABLE 


— 
мін — 
Addresses ІН 
Vit — 
EAS Мін — 
Vit — 
Уін-- 
ER Чи == 
Vin Бақса 
CE Mg 
DouT 
Б Мін — 
IN Уп. = 


үр! 
twP 
А ДД 4 4 
tow 
— 
tcw 
/ ⁄ / / 
/// / 
//, 
торуу 
А 105 LIE 
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NOTE: 
(1) R/W is High for Read Cycle. 


(2) Assuming that CE1 Low transition of CE2 High transition occurs coincident with or after RAN Low 
transition, Outputs remain in a high impedance state. 


(3) Assuming that CE: High transition or CE2 Low transition occurs coincident with or prior to R/W 
High transition, Outputs remain in a high impedance state. 


(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Та = 0 ~ 70°C) 


SYMBOL PARAMETER MIN. | TYP, | MAX. J UNIT | 

VDH Data Retention Supply Voltage 2.0 — 5.5 V | 
"ена Stand by [ TC5565PL-12, PL-15 = = | 100 BA 

Supply Current | TC5565P-12, P-15 _ - Г 1.0 mA | 

tcpR Chip Deselection to Data Retention Mode 0 - - us | 

|: ің Recovery Time Р | trc(1) | _ | z= us | 


Note (1): Read cycle time 


е CE, Controlled Data Retention Mode (2) 


Data Retention Mode 


GND 


© CE; Controlled Data Retention Mode (4) 


Vpop Data Retention Mode 


аву ------------р----------------- 


Уін 


ViL 


GND 
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NOTE: 
(2) In CE1 controlled data retention mode, minimum standby current mode is achieved under the con- 
dition of CE2 < 0.2V or CE2 2 Vpp —0.2V. 
(3) If the Мін of CE1 is 2.2V in operation, during the period that the Vpp voltage is going down from 
4.5V to 2.4V, Ipps1 current flows. 
(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con- 
dition of CE2 € 0.2V. 


DEVICE INFORMATION 


The TC5565P is an asynchronous RAM using address activated circuit technology, thus the internal 
operation is synchronous. Then once row address change occur, the precharge operation is executed by 
internal pulse generated from row address transient. Therefore the peak current flows after only row address 
change, as is shown in the following figure. 

This peak current may induce the noise on Vpp/GND lines. Thus the use of about O.1uF decoupling 
capacitor every device is recommended to eliminate such noise. 


voo- Ssv 
Мін” 53V 
'opo Уң 7 02V 

Horizon 20065/div 


Fig TYPICAL CURRENT WAVE FORMS 


OUTLINE DRAWINGS 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 
EIILEIELIELELELELLIELILIJIETEIZ Unit : mm 


В1.5 t 
x 
< 
= 
pi 
= 
_ 37.4 MAX. 15.24 TYP. 
= 
= 
в 
0.5 50.15 | 
2.54 %0.25 1.4 %0.15 17.4 MAX 


Note: Each lead pitch is 2.54 mm. 
All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 


= 195 = 


Note. Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
© Apr., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 


PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 


DESCRIPTION 

The TMM2764D is a 8192 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. For read operation, the TMM2764D'S access 
time is 200 ns, and the TMM2764D operates from a 
single 5-volt power supply and has low power stand- 
by mode which reduces the power dissipation with- 
out increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 
CE input. The maximum active current is 120mA 


FEATURES 
e Single 5-volt power supply 
e Fast access time : TMM2764D 250 ns 
TMM2764D-2 200ns 
e Power dissipation 
120 mA (active current) Max. 
35 mA (standby current) Max. 
e Low power standby mode : CE 


PIN CONNECTION (тоғ view) bit EPROM TMM27320 
TMM2732D 
(TOP VIEW) 
А0 1 
А50 
А50 3 
А04 
A305 
А206 
А07 
Aods 
0:09 
0,010 
02011 
GNDQ12 
PIN NAMES 
Ag ~ A12 Address Inputs 
| Оо ~ Оз | Outputs (Inputs) 
CE , Chip Enable Input 
OE , Output Enable Input 
PGM Program Control Input 
N.C. No Connection 
| Vpp Program Supply Voltage 
Vcc Vcc Supply Voltage (45V) 
GND | Ground 


Lower 24 pins compatible with 32K 


TMM2764D 
TMM2764D-2 


and the maximum standby current is 35mA. 

For program operation, the programming is achiev- 
ed by applying a 50ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially individually., or at random. 

The TMM2764D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 


Output buffer control : OE 

Fully static operation 

Programs with one 50 ms pulse 

Single location programming 

Three state outputs 

Inputs and outputs TTL compatible 

Pin compatible with i2764 and ROM TMM2364P 


BLOCK DIAGRAM 
Ver GND Vee 


000, 02030405050; 


OE OE СЕ and PGM 
CE Ci and M Output Buffers 
PGM > ircuit 


Column Column 1/О 
Decoder Circuit 


Memory Cell 


Array 
8192 x 8 bits 


Decoder 


РРРУРУРРРРРРР 


юзо 


MODE SELECTION 


Pin РСМ СЕ OE Мр Усс 04-0, 


Powe 
Mode | 027) |(20) (22) (1) (28) (13,1519) P" 
Read HEIL 5V | Data Out 
Output Deselect. + |» | H ву | High Active 
Impedance 
Е 5v h 
Standby . |H |. gy | Н9 Standby 
| | Impedance 
Program L L ° 5V Datain 
High 
Program H a 5v Impedance A 
Inhibit тн z one 
H |L |H sy | Pih 
Impedance 
Program Verify| H | L | L 5V | Data Out 


Note *: Hor L 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 
Vec 

Vpp 

VIN 
Vout 

Pp 
TSOLDER 
Тетис. 
Torr. 


] ITEM 


Vcc Power Supply Voltage 


Program Supply Voltage 
Input Voltage 

Output Voltage 

Power Dissipation 


Soldering Temperature - Time 


Storage Temperature 
Operating Temperature 


READ OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 
Мін 
Vit 
Vec 
Ур 


PARAMETER 
Input High Voltage 
Input Low Voltage 
Vcc Power Supply Voltage 
Vpp Power Supply Voltage 


D.C. and OPERATING CHARACTERISTICS 


SYMBOL 
ІШ 
іссі 
lcca 
Мон 


PARAMETER 
Input Current 
Supply Current (Standby) 
Supply Current (Active) 
Output High Voltage 
Output Low Voltage 
Vpp Current 
Output Leakage Current 


RATING 
—0.6 ~ 7.0 
-0.6 ~ 220 
—0.6 ~ 7.0 
-0.6 ~ 7.0 
1.5 
260 . 10 
—65 ~ 125 
0 = 70 
TYP. ! MAX. 
_ Vcc + 1.0 
_ 0.8 
- 5,25 
Vec Vcc + 0.6 


(Ta = 0 ~ 70°C, Vec = 5V + 5% Unless otherwise noted) 


CONDITIONS 
Vin = 0 ~ Мс 
CE = Vin 
СЕ = Vi. 
Іон = —4004A 
Іо. = 2.1mA 
Vpp = 0 ~ Vec + 0.6 
Vout = 0.4 ~ Vec 
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UNIT 
V 
V 
V 
V 
w 
°C sec 
AG 
°C 
UNIT 
у 
V 
V 
V 
MAX UNIT 
*10 uA 
35 mA 
120 mA 
_ V 
04 V 
+10 uA 
+10 BA 


TOSHIBA 


A.C. CHARACTERISTICS 
Ta = 0 ~ 70°C, Vec = 5V € 5%, Vpp = 2.0V ~ Vee + 0.6V, Unless otherwise noted) 
к ы = 
| ees 2 _TMM2764D 
SYMBOL PARAMETER | CONDITIONS T 3 UNIT 
| | | , MIN. | MAX. | MIN. | МАХ. | 
tacc , Address Access Time СЕ = ОЕ = Ми, РСМ = Мн Ls _ | 20 | = | 250 | ms | 
tce . CE to Output Valid | OF = V, PGM- Vin | — | 200 | = | 25 | ms | 
toe OE to Output Valid CE = V, PGM= Vin _ 70 _ 100 ns 
= PGM to Output Valid OE = СЕ= у = 70 = 100 | ns 
— tor: | CE to Output in High-Z OE = Vi. POM = Мн 0 60 0 90 ns 
tor. 7 ОЕ to Output in High-Z | СЕ= V, PGM= Мн | 9& | s jo | 9o» | ë 
tDF3 PGM to Output in High-Z OE = CE = Vit 0 | 5 о | 90 ns 
toH Output Data Hold Time CE = ОЕ = Vi_, PGM = Мн 0 _ _ _ ns 
A.C. Test Conditions 
e Output Load 1 TTL Gate and Сү = 100pF 
e Input Pulse Rise and Fall Times : o 10ns Max. 
e Input Pulse Levels 0.8V to 2.2V 
e Timing Measurement Reference Level : Inputs 1V and 2V, Outputs 0.8V and 2.0V 
CAPACITANCE * (Ta = 25°C, f - 1MHz) 
[ SYMBOL | PARAMETER | . CONDITIONS Í MIN, TYP. | MAX UNIT 
Cin Input Capacitance Vin =OV _ E 6 pF 
| Cour Output Capacitance Vout = 0У - | 8 | 12 | F | 
| U | | | P | 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 


ve ess S s 


р = 
= Z YOON 


tacc tDF3 


-— 


High Z Z 5 High Z 
Oo ~07 ж Data Outputs 2 


== — 


PROGRAM OPERATION 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL | PARAMETER 
Vin Input High Voltage 
Vit | Input Low Voltage 
| Vec | Усс Power Supply Voltage 
I Vpp | Vpp Power Supply Voltage 


D.C. and OPERATING CHARACTERISTICS 


| | 


SYMBOL PARAMETER 
lu | Input Current 
B Мон | Output High Voltage 
[ VoL Output Low Voltage 
lec Vec Supply Current 
Ipp2 Vpp Supply Current 


A.C, PROGRAMMING CHARACTERISTICS 


| SYMBOL PARAMETER 
tas Address Setup Time 

L tAH | Address Hold Time 

| tees CE Setup Time 

| 1СЕН | CE Hold Time 

| 105 Data Setup Time 

| tpH Data Hold Time 
tps PGM Setup Time 
tPH PGM Hold Time 
toes OE Setup Time 
tvs Vpp Setup Time 
tpw Program Pulse Width 
tcp Program Recovery Time 
tPRT Program Pulse Rise Time 
tPFT Program Pulse Fall Time 
СЕ CE to Output Valid 

[ toe OE to Output Valid 
Ірі CE to Output in High 2 

| tora OE to Output in High Z 


A.C. Test Conditions 


Output Load 

Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 


MIN. ЖҰР; МАХ 
20 = Vec + 1.0 

—0.3 = 08 
4.75 5.0 5.25 

20.5 21.0 21.5 


CONDITIONS MIN. TYP. MAX. 
Ve=0-Vee- [-— |. = +10 
lon =—400pA | 24 | = = 
loL = 2.1mA | = j = 0.4 
= [Г = m= 120 
Vpp = 21.5V | = | = 30 


(Та = 25+5°C, Vec = 5V+5%, Vpp = 21V + 0.5V) 


CONDITIONS MIN. Typ. MAX 
= 2 = = 
= 2 - = 
as 2 k = 
= 2 = = 
== 2 = = 
< 2 - - 
= 2 == - 
sa 2 = = 
= 2 = = 
= 2 1 = я 

PGM = СЕ = Vi. 45 50 55 
= 0 = = 
= 5 = = 
ee. 5 = = 
- - - 250 
- - - 100 

ОЕ = Vi = = 90 

СЕ = Vi. = = 90 


1TTL Gate апа Сү (100 pF) 
10ns Max 
0.8 ~ 22V 


Input 1V and 2V Output 0.8V and 2.0V 
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ms 


TIMING WAVEFORMS (PROGRAM) 
PROGRAM OPERATION 1. (Vpp = 21V+0.5V) 


dae rnc je ae ee 


tas 


0o ^05 


Урр 


PROGRAM OPERATION 2. (Vpp = 21V +0.5У) 


Ao ~A12 


PGM 


09707 


Vpp 


TOSHIBA 


ТАН 


UNKNOWN | Din STABLE 


in 
DH 


tos 


РИ 


tvs 


Dout Valid 


Note: 1. Усс must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp, 
2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent damage to the device. 
3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp 
terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V. 
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ERASURE CHARACTERISTICS 


The TMM2764D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstroms) to the chip through the trans- 
parent window. Then integrated dose (Ultraviolet 
light intensity [w/cm?] x exposure time [sec.]) for 
erasure should be a minimum of 15 [W. sec/cm?]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [uw/cm?] will 


OPERATION INFORMATION 


The TMM2764D's six operation modes are listed іп 
the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. In the read 


r PGM СЕ ОЕ 

(27) (20) (22 

READ Read | H L L 

OPERATION Output Deselect . ” H 

(Ta=0~70°C) | Standby ІШЕ H . 

E | Program E? L. ° 

PROGRAM ` Program ] 4 H u 
OPERATION - — -— 

(Те авв?) +E _ р-н T H 

| | Program Verify H L L 
Note: Н; Мн, Ц М, "; Мн or Vit 


READ MODE 


The TMM2764D has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

_ The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vit and РСМ = Мн, the 
output data is valid at the outputs after address access 
time from stabilizing of all addresses. 


reduce the exposure time to about 20 minutes. (In 
this case, the integrated does is 12000 [uw/cm2] 
x (20 x 60) [sec] = 15 (уу. sec/cm?] .) 

The TMM2764D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000 
A. The sunlight and the fluorescent lamps will 
include 3000 ~ 4000 А wavelength components. 
Therefore when used under such lighting for extend- 
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 


operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 


Vi M Oo ~ O 
Q 08 (1113, 15~19) Power 
Data Out Active 
5V Бу High Impedance Active 
High Impedance Standby 
Data In Active 
2 aw 5V High Impedance Шы 
High Impedance Active 
Data Out Active 


The CE to output valid (tc) is equal to the address 
access time (tacc). 

Assuming that CE = М, PGM = Мін and all ad- 
dresses are valid, the output data is valid at the out- 
puts after tog from the falling edge of OE, 

And assuming that CE = OE = VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 
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OUTPUT DESELECT MODE 


Assuming that CE= Мін or OE= Мін, the outputs 
will be in a high impedance state. So two or more 
TMM2764D can be connected together on a common 


STANDBY MODE 


The TMM2764D has a low power standby mode 
controlled by the CE signal. By applying a TTL high 
level to the CE input, the TMM2764D is placed in the 
standby mode which reduce the operating current 


PROGRAM MODE 


Initially, when received by customers, all bits of 
the TMM2764D are in the “1” state which is erased 
state. 

Therefore the program operation is to introduce 
"Os'' data into the desired bit locations by electrically 
programming. 

The TMM2764D is set up in the program operation 
mode when applied the program voltage (*21V) to 
the Vpp terminal under CE = РСМ = ОЕ = Мн. 

The program operation occurs during the overlap 
of the CE low and the PGM low. Then the program- 
ming is achieved by applying a 50ms (tpw) active low 


PROGRAM VERIFY MODE 


The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 


PROGRAM INHIBIT MODE 


Under the condition that the program voltage 
(+21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764D from being pro- 
grammed. Programming of two or more TMM2764Ds 
in parallel with different data is easily accomplished. 


bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


from 120mA to 35mA, and then the outputs are ina 
high impedance state, independent of the OE and the 
PGM inputs. 


program pulse to the CE or the PGM input after the 
addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is bbms. 

The levels required for all inputs are TTL. 

The TMM2764D can be programmed any location 
at anytime — either individually, sequentially, or at 
random. 

The TMM2764D should not be programmed with 
D.C. signal applied to both CE and PGM inputs. 


The verify is accomplished with OE and CE at Vi, 
and PGMat Мн. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


US — 


TOSHIBA 


OUTLINE DRAWINGS 


37.7 MAX. En 


27 26 25 24 |23 22 21 20| 19 18 17 16 15 


x 
< 
> 
© 
m 
- 
LS _15.24*0.3 
1.3 ®0.25 
g | *0.15 
н | . 
ч 9346763146 17.4 MAX. | 
UN. REIN | 
Note 1 Note 2 


Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads. 
2. This value is measured at the end of leads, 
3. All dimensions are in millime 


Note: Toshiba does not assume any responsibility for use of any circuitry described. no circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry 
(ONov., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 


PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 


DESCRIPTION 
The TMM2764DI is a 8192 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. For read operation, the TMM2764DI's ac- 
cess time is 200 ns, and the TMM2764Dl operates 
from a single 5-volt power supply and has low power 
standby mode 'which reduces the power dissipation 
without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 
FEATURES 
e Wide operating temperature Range —40~85°C 
Single 5-volt power supply 
TMM2764DI 250 ns 
TMM2764DI-2 200 ns 
e Power dissipation : 
130 mA (active current) Max. 
40 mA (standby current) Max. 
e Low power standby mode: CE 


e Fast access time : 


PIN CONNECTION 


(TOP VIEW) pit EPROM TMM2732D 


TMM2732D 
(TOP VIEW) 
A70 1 
А50 2 
А50 3 
А40 4 
A305 
А206 
А: 07 
Aods 
0:09 
0:910 
0:911 
GNDQ12 
PIN NAMES 
Ao ~ A12 Address Inputs 
Oo ~ O; Outputs (Inputs) 
CE Chip Enable Input 
OE | Output Enable Input 
PGM | Program Control Input 
N.C. No Connection 
Vpp Program Supply Voltage 
Vcc Усс Supply Voltage (+5V) 
GND | Ground 


Lower 24 pins compatible with 32K 


TMM2764DI 
TMM2764DI-2 


CE input. The maximum active current is 130 mA 
and the maximum standby current is 40mA. 

For program operation, the programming is achiev- 
ed by applying a 50ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially individually, or at random. 

The ТММ2764ПІ is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 

Output buffer control : OE 

Fully static operation 

Programs with one 50 ms pulse 

Single location programming 

Three state outputs 

Inputs and outputs TTL compatible 

Pin compatible with i2764 and ROM TMM2364P 


BLOCK DIAGRAM 
Veep GND Усс 


090; 05050405050; 


OE OE 

,CE and PGM 
CE o шык. Output Buffers 
PGM> à 


Column 1/0 


Circuit 


Memory Cell 
Array 
8192 x 8 bits 


Decoder 


MODE SELECTION 
Pin PGM CE ОЕ Ур Мес 0-0, 
a Power 
Mode | (27) (20) (22) (1) (28) (11713,1519) 
Read ОШ ÉE T Et 5V Data Out 
Output Deselect) + |» Н sv | High Active 
Impedance 
5 
Standby s | ce |8% [sy | Standby 
| Impedance 
Program ШЕШЕ 5V | Data in 
ME For рн gy | High 
Program p Impedance 
Inhibit any High 2. 
н L H 5v 
Impedance 
Program Verity H L L 5V | Data Out 


Note: *: Hor L 
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TOSHIBA 


MAXIMUM RATINGS 


T 


SYMBOL 
Vcc 

Vpp 

Уім 
Vout 

Pp 
TSOLDER 
TsTRG. 
Тоғн. 


READ OPERATION 


ITEM 
Vec Power Supply Voltage 
Program Supply Voltage 
Input Voltage 
Output Voltage 
Power Dissipation 


Soldering Temperature - Time 


Storage Temperature 
Operating Temperature 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 
Мін Input 
| ЕСТІ Input 
Vec 
Vpp Vpp Pi 


PARAMETER 
High Voltage 
Low Voltage 


Vcc Power Supply Voltage 


ower Supply Voltage 


D.C. and OPERATING CHARACTERISTICS 


SYMBOL 

tu 

іссі Supply 
lcca Supply 
Vou 

VoL 

Іррі 

по Output 


PARAMETER 


Input Current 


Current (Standby) 
Current (Active) 


Output High Voltage 
Output Low Voltage 
Vpp Current 


Leakage Current 


CONDITIONS 
Vin “0% Vec 
CE = Мн 
CE = Vit 
Іон = -400ША 
lor = 2.1mA 
Мер = 0 ~ Мес + 0.6 
Vout = 0.4 ~ Vee 
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RATING 
-06 ~ 70 
-0.6 ~ 22.0 
-0.6 ~ 70 
-О6 ~ 70 
15 
260 - 10 
—65 ~ 125 
—40 ~ 85 
TYP. MAX. 
_ Vcc + 1.0 
_ 0.8 
_ 5.25 
Vcc Vcc * 0.6 


TOSHIBA 


A.C. CHARACTERISTICS 


(Ta = —40 ~ 85°C, Vcc = 5У%5%, Vpp = 2.2V ~ Vee + 0.6V, Unless otherwise noted) 
I 


SYMBOL PARAMETER | CONDITIONS eee t TN UNIT 
l | 224 | MIN. | MAX. | MIN. МАХ. 
tacc Address Access Time CE = OE = V, РСМ = Мн = 200 - 250 ns 
tce СЕ to Output Valid | OE=ViL, POM= ун | | 200 | — | 280 | m 
toe | OE to Output Valid | CE- v. PGM= Vy = 70 = 100 n | 
tPGM PGM to Output Valid ОЕ = СЕ = Vi. _ 70 _ 100 ns | 
torı CE to Output in High-Z OE = V, POM = Мн 0 60 0 90 ns 
"tora  OEto Output inHigh-Z | СЕ-М(,РОМ-Мн 0 60 0 90 m | 
tora  PGMto Output in High-Z ОЕ = СЕ = у 0 60 0 90 ns 
- toH 7 Output Data Hold Time | CE-OE- Vit, PGM = Мн 0 _ 9 | = ns 
A.C. Test Conditions 
e Output Load : TTL Gate and C, = 100pF 
e Input Pulse Rise and Fall Times : 10ns Max. 
e Input Pulse Levels : 0.6V to 24V 
e Timing Measurement Reference Level : Inputs 1V and 2V, Outputs 0.8V and 2.0V 
CAPACITANCE * (Та = 25°C, f  1MHz) 
SYMBOL | PARAMETER | | CONDITIONS | MIN. TYP. MAX. UNIT 
l CiN Input Capacitance Vin 70V = | 4 | 6 | pF 
| Соот | Output Capacitance | Vout = 0V - | 8 | 12 | pF | 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 


Ao ^ A12 
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TOSHIBA 
PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


SYMBOL 
Мін Input High Voltage 
Vit Input Low Voltage 
Vcc Vcc Power Supply Voltage 
Мрр Vpp Power Supply Voltage 


D.C. and OPERATING CHARACTERISTICS 


SYMBOL PARAMETER 
ІШ Input Current 
Мон Output High Voltage 
VoL Output Low Voltage 
їсс Vec Supply Current 
Ipp2 Vep Supply Current 


A.C. PROGRAMMING CHARACTERISTICS 


SYMBOL PARAMETER 
tas Address Setup Time 
ТАН Address Hold Time 
tces CE Setup Time 
icEH CE Hold Time 
tps Data Setup Time 
tpH Data Hold Time 
tps PGM Setup Time 
tPH PGM Hold Time 
tvs Vpp Setup Time 
Тру Program Pulse Width 
tcp Program Recovery Time 
tPRT Program Pulse Rise Time 
tPFT Program Pulse Fall Time 
tce CE to Output Valid 
toe OE to Output Valid 
tori CE to Output in High Z 
tpF2 OE to Output in High Z 


A.C. Test Conditions 


Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 


Timing Measurement Reference Level 


MAX. 
Vcc + 1.0 
0.8 
5.25 
21.5 


(Ta = 25+ 5°C, Vec = 5V € 5%, Мр = 21V + 0.5V) 


CONDITIONS MIN. 
1 

Vin = 0 ~ Vcc [SE 

Іон = —400 uA 2.4 

lo. = 2.1mA - 

Vpp = 21.5V = 


ТҮР, 


(Та-25%5%С,Усс = БУ + 5%, Vpp = 21V + 0.5V) 


CONDITIONS MIN. 
==> 2 
= 2 
= 2 
- 2 
_ 2 
_ 2 
- 2 
= 2 
= 2 
РСМ = CE = V. 45 
- 0 
- 5 
= 5 
OE = Vit _ 
CE = Vi = 


1TTL Gate and Сү (100 pF) 
10ns Max. 
0.6 ~ 2.4V 
Input 1V апа 2V E 


—210.— 


Typ. MAX. 


Output 0.8V and 2.0V 


MAX, 


TOSHIBA 


TIMING WAVEFORMS (PROGRAM) 
PROGRAM OPERATION 1. (Vpp = 21V+0.5V) 


Ao ~A12 


tas ТАН 


VpP 


PROGRAM OPERATION 2. (Vpp = 21V + 0.5V) 


Ao ~A12 


PGM 


09707 


Vpp 


Note: 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp, 
2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent damage to the device, 
3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp 


terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V. 


== 
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ERASURE CHARACTERISTICS 


The TMM2764DI'serasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537А (Angstroms) to the chip through the trans- 
parent window. Then integrated dose (Ultraviolet 
light intensity [w/cm?] x exposure time [sec.] ) for 
erasure should be a minimum of 15 [W. sec/cm?]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [uw/cm?] will 


OPERATION INFORMATION: 


The TMM2764DI's six operation modes are listed in 
the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. In the read 


reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [uw/cm?] 
x (20 x 60) [sec] = 15 (му, sec/cm?] .) 

The TMM2764DI'serasure begins to occur when 
exposed to light with wavelength shorter than 4000 
A. The sunlight and ¿he fluorescent lamps will 
include 3000 ~ 4000 А wavelength components. 
Therefore when used under such lighting for extend- 
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 


operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 


PGM CE 


OE Ур | Vec 


| | 


Оо ~ О» 


(27) | Qo | (22) m | Qg | q1-13.15- 19 | Powar 

READ | Read H L Data Out | Active 

OPERATION | Output Deselect | » е 5V | 5v | High Impedance | Active 
(Ta=—40~85°C) Standby = ш | | High Impednace | Standby 

| Program L 1-4 | | Data In | Active 

[PROGRAM те Ж H 21V | sv | High Impednace Active 

ee tee Program Inhibit H L High Impedance Active 


[жогы Ргоагат Verify | HW | L 


| Data Out | Active 


— | 
Note: Н; Мн, L; Vi, *; Мн or Vit 


READ MODE 


The TMM2764DI has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE- Vit and РСМ = ViH, the 
output data is valid at the outputs after address access 
time from stabilizing of all addresses, 


The CE to output valid (tce) is equal to the address 
access time (tAcc). 

Assuming that CE = Vii, PGM = Мн and all ad- 
dresses are valid, the output data is valid at the out- 
puts after toe from the falling edge of ОЕ, 

And assuming that CE-OE- Ун and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 
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OUTPUT DESELECT MODE 


Assuming that CE = Мін or OE = Мін, the outputs 
will be in a high impedance state. So two or more 
TMM2764DI can be connected together on acommon 


STANDBY MODE 


The TMM2764DI has a low power standby mode 
controlled by the CE signal. By applying a TTL high 
level to the CE input; the TMM2764DI is placed in the 
standby mode which reduce the operating current 


PROGRAM MODE 


Initially, when received by customers, all bits of 
the TMM2764DI аге in the 1” state which is erased 
state. 

Therefore the program operation is to introduce 
"Os'' data into the desired bit locations by electrically 
programming. 

The ТММ2764ПІ is set up in the program operation 
mode when applied the program voltage (+21V) to 
the Vpp terminal under CE = PGM= OE= М\н. 

The program operation occurs during the overlap 
of the CE low and the PGM low. Then the program- 
ming is achieved by applying a 50ms (tpw) active low 


PROGRAM VERIFY MODE 


The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 


PROGRAM INHIBIT MODE 


Under the condition that the program voltage 
(+21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764DI from being pro- 
grammed. Programming of two ог more ТММ2764015 
in parallel with different data is easily accomplished. 


TOSHIBA 


bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


from 130mA to 40mA, and then the outputs are in а 
high impedance state, independent of the OE and the 
PGM inputs. 


program pulse to the CE or the PGM input after the 
addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is bbms. 

The levels required for all inputs are TTL. 

The ТММ2764ПІ can be programmed any location 
at anytime — either individually, sequentially, or at 
random. 

The TMM2764DI should not be programmed with 
D.C. signal applied to both CE and PGM inputs. 


The verify is accomplished with OE and CE at VIL 
and PGMat Vip. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 
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OUTLINE DRAWINGS 


37.7 MAX. 


26 25 24 23 22 21 20| 19 18 17 16 15 
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Note: 1, Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads. 
2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 


Note Toshiba does not assum® any responsibility for use of any circuitry described. no circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry 
(ONov., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


16384 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 


PROGRAMMABLE READ ONLY MEMORY 


DESCRIPTION 


The TMM27128D is a 16384 word x 8 bit ultra- 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
27128D's access time is 200 ns, and the TMM27128D 
operates from a single 5-volt power supply and has a 
low power standby mode which reduces the power 
dissipation without increasing access time. The stand- 
by mode is achieved by applying a TTL-high level 
signal to the CE input. The maximum active current 
is 120 mA and the maximum standby current is 


FEATURES 
e Single 5-volt power supply 
e Fast access time: TMM27128D-25 250 ns 
ТММ271280-20 200 ns 
e Power dissipation: 
120 mA (active current) 
35 mA (standby current) 
e Low power standby mode: CE 
e Output buffer control: OE 


Max. 
Max. 


PIN CONNECTION 
(TOP VIEW) 


3 


b 


TMM27 128р-20 
TMM27128D-25 


5mA. 
For program operation, the programming is achieved 
y applying a 50 ms active TTL low program pulse 


to the PGM input, and it is possible to program 
sequentially, individually, or at random. 


si 


The TMM27128D is fabricated with the N-channel 
licon double layer gate MOS technology and is 


packaged in a standard 28 pin dual in line cerdip 


package. 

e Fully static operation 

e Programs with one 50 ms pulse 

e Single location programming 

e Three state outputs 

e Inputs and outputs TTL compatible 
e Pin compatible with i27128 


BLOCK DIAGRAM 


Vep GND Vec Oo 01020304 050607 
° ? ° 2 REGE MS 


OE, CE and PGM EB 
CIRCUIT OUTPUT BUFF s 
== TER 


COLUMN 1/0 
CIRCUIT 


COLUMN 
DECODER 


MEMORY CELL 
ARRAY 
16384 x 8 BITS 


DECORDER 


MODE SELECTION 


< РСМ | CE | OE | Vpp | Vcc Oo ~ 07 
Гапа оа Mada = (27) | (20) | (22) | (1) | (28) | (11~13,15~19) | Power 
+ - Т 
( Read H L 5V | Data Out 

Outputs (Inputs) = | | ДАН ЖД 

Chip Enable Input Output Deselect H 5V 5V | High Impedance 

Output Enable Input Standby % H в 5V |High Impedance Standby 
| Program Control Input Program B | L Ж 5V |Dataln - 

* H » 5V | High | danc 

| Program Supply Voltage Program Inhibit.l- | 21V 19 mpedance 
| Мес Supply Voltage (+5V) ІШ; L | H 5V | High Impedance 

Ground i Program Verify | H | L | L БУ | Data Out 


= ЖІ 


MAXIMUM RATINGS 


SYMBOL ITEM RATING 


Vec Power Supply Voltage —0.6 ~ 7.0 


Program Supply Voltage —0.6 ~ 22.0 

Input Voltage —0.6 ~ 7.0 
VouT | Output Voltage | —0.6 — 7.0 
Pp Power Dissipation | 1.5 
TsoLDER Soldering Temperature . Time | 260 - 10 
TsTRG. | Storage Temperature | —65 ~ 125 


ТОРА. Operating Temperature 0 — 70 


READ OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 
Мін Input High Voltage 
Vit Input Low Voltage 
Vcc Vcc Power Supply Voltage 
Vpp Power Supply Voltage 


SYMBOL PARAMTER CONDITIONS 
lui Input Current Vin = 0 ~ Мес 
lect Supply Current (Standby) СЕ = Vin 


lec2 Supply Current (Active) CE = Vit 


Output High Voltage Іон = —400uA 
Output Low Voltage lot = 2.1mA 
Vpp Current Vpp = 0 ~ Vec + 0.6 


Output Leakage Current | Vout = 0.4 ~ Vec 
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A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5V +5%, Vpp = 2.0V ~ Vcc + 0.6V, Unless otherwise noted) 


TMM27128D-20 TM27128D-25 
SYMBOL PARAMTER CONDITIONS 
MIN. MIN. 
tACC Address Access Time _| CE = OE- V РСМ | = | 200 | = | 250 ns 
CE to Output Valid ОЕ =мМі,РСМ =Мн | = 200 - 250 ns 
toe OE to Output Valid СЕ =Vit,PGM=Viq_ | - 70 - 100 ns 
TRG PGM to Output Valid OE = CE = Vi =a T ® сы 100 | ns 
tpFi CE to Output in High-Z | OE = Vj, PGM = Мн ü | 60 0 90 | ns 
| tDF2 OE to Output in High-Z | CE = М, РСМ = Мін 0 60 | 0 90 ns 
tpF3 РСМ to Output in High-Z | ОЕ = CE = VL 0 60 0 90 ns 
Output Data Hold Time OE 0 0 


е AC Test Conditions 

e Output Load: 1 TTL Gate and C, = 100pF 

e input Pulse Rise and Fall Times: 10 ns Max. 

e Input Pulse Levels: 0.8V to 2.2V 

e Timing Measurement Reference Level: Inputs 1V and 2V, Outputs 0.8V and 2.0V 


CAPACITIANCE * (Ta = 25°C, f = MHz) 


SYMBOL PARAMETER CONDITIONS 


Cin | Input Capacitance Vin = OV 


Cout Output Capacitance Vout = OV 


* 


This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 


Ao ~А1з 
тон 
1 tcE š 
нк 
х= | 
СЕ 
ш toF1 
10Е 
OE 
tPGM | tDF2 
PGM 
ТАСС tDF3 
= _ м 
ТЕЕ: HIGH 2 HIGHZ 
0 7 DATA OUTPUTS 


eit = 


PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 
Input High Voltage 
Input Low Voltage 
Vcc Power Supply Voltage 


Vpp Power Supply Voltage 


SYMBOL PARAMETER | CONDITIONS 
lu Input Current 1 Vin =0~ Vee 
Output High Voltage | lon = —4004A 
Output Low Voltage 
Vec Supply Current 


Vpp Supply Current 


PARAMETER 
Address Setup Time 
Address Hold Time 
CE Setup Time 
CE Hold Time 
Data Setup Time 
Data Hold Time 
PGM Setup Time 
PGM Hold Time 
Ур Setup Time 
Program Pulse Width 


Program Recovery Time 


E Proaram Pulse Rise Time i 


Program Pulse Fall Time 
CE to Output Valid 
OE to Output Valid 
CE to Output in High Z 
OE to Output in High Z 


e A.C. Test Conditions 

e Output Load: 1TTL Gate and Сү (100 pF) 

e Input Pulse Rise and Fall Times: 10 ns Max. 

e Input Pulse Levels: 0.8 ~ 2.2V 

e Timing Measurement Reference Level: Input 1V and 2V; Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 
PROGRAM OPERATION 1. (Vpp = 21V + 0.5V) 


TOSHIBA 


Ao ~A13 
| 
t, 
| ee j i aH e EE. 
жне 1СЕ5 | tcEH 
СЕ — = ВЕ / 
gs D ui 'DF2 
1рғ1 
E are 
+ | 
tps | "OH | 
PGM ‘Pw 
tPFT tPRT 
Vpp tvs 
PROGRAM OPERATION 2. (Vpp = 21V + 0.5V) 
Ao ^ A13 
ХА їр | t 
НЕ 5 E w "m AH al 
СЕ 
PFT | IPRT tcE tDF1 
-4—— | 


Моте: 


tcp 
1Р5 'PH 
PGM ) 
I l 
- | 
tps хон | 
i HIGH Z N HIGH 2 
Oo ~07 4 Din STABLE 4 Dout VALID 


Vpp 7 tvs 


. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 
. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent damage to the device. 
. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp 


terminal. When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V. 


=- 
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ERASURE CHARACTERISTICS 

The ТММ27 128D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength 
of 2537 (Angstroms) to the chip through the 
transparent window. Then integrated dose (Ultra- 
violet light intensity [w/cm?] x exposure time 
[sec.]) for erasure should be a minimum of 15 
[W. sec/cm? 1. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm 
from the lamp surface, the erasure will be achieved 
within 60 minutes. And using commercial lamps 


OPERATION INFORMATION 
The TMM27128D's six operation modes are listed 
in the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. In the 


whose ultraviolet light intensity is a 12000 [uw/cm? | 
will reduce the exposure time to about 20 minutes. 
(In this case, the integrated dose is 12000 [u w/cm2 ] 
x (20 x 60) [sec] = 15 [w.sec/cm? 1.) 

The TMM27128D's erasure begins to occur 
when exposed to light with wavelength shorter than 
4000A . The sunlight and the flourescent lamps will 
include 3000 ~ 4000A wavelength components. 
Therefore when used under such lighting for extended 
periods of time, the opaque seals — Toshiba EPROM 
Protect Seal AC901 — are available. 


read operation mode, a single 5V power supply is 
required and the levels required for all inputs are 
THE. 


00 ~ O; 


(11+ 13, 15~ 19) шені 


READ Read 


Data Out | Active 


OPERATION Output Deselect 


High Impedance Active 


(Ta=O~70°C) | Standby 


High Impedance | Standby 
-- 


Program 
PROGRAM 
OPERATION 


Program Inhibit 


Daaln —— Active 
High Impedance Active 


(Та = 25 + 5°C) Program Inhibit 


High Impedance Active 


Program Verify 


READ MODE 

The TMM27128D has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The Output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Уш and PGM = Мін, 
the output data is valid at the output after address 
access time from stabilizing of all addresses. 


Data Out Active 


Note: Н; Vin, L; Vir. "Мін or Vit 


The CE to output valid (ісе) is equal to the 
address access time (tacc). 

Assuming that CE = Vit, PGM = Мн and all 
addresses are valid, the output data is valid at the 
outputs after toe from the falling edge of OE. 

And assuming that CE = OE = Vit and all ad- 
dresses are valid, the output data is valid at the out- 
puts after tpa from the rising edge of PGM. 
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OUTPUT DESELECT MODE 

Assuming that CE = Мін or OE = Vin, the out- 
puts will be in a high impedance state. So two or 
more TMM27128D can be connected together on a 


STANDBY MODE 
The TMM27128D has a low power standby mode 
controlled by the CE signal. By applying a TTL high 
level to the CE input, the TMM27128D is placed in 
the standby mode which reduce the operating current 


PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27128D are in the “1” state which is erased 
state. 

Therefore the program operation is to introduce 
"Ọs" data into the desired bit locations by electrically 
Programming. 

The TMM27128D is set up in the program opera- 
tion mode when applied the program voltage (+21V) 
to the Vpp terminal under CE = РСМ = ОЕ = Мүң. 

The program operation occurs during the overlap 
of the CE low and the PGM low. Then the pro- 
gramming is achieved by applying a 50ms (tpw) 


PROGRAM VERIFY MODE 

The verify mode is to check that the desired 
data is correctly programmed on the programmed 
bits. 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21V) is applied to Vpp terminal, a high level CE 
or PGM input inhibits the TMM27128D from being 
programmed. Programming of two or more 
TMM27128Ds in parallel with different data is 


m Қа 


common bus line. When CE is decoded for device 
selection, all deselected devices are in low power 
standby mode. 


from 120mA to 35mA, and then the outputs are ina 
high impedance state, independent of the OE and 
PGM inputs. 


active low program pulse to the CE or the PGM 
input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is 55ms. 

The levels required for all input are TTL. The 
TMM27128D can be programmed any location at 
anytime — either individually, sequentially, or at 
random. 

The TMM27128D should not be programmed 
with D.C. signal applied to both CE and PGM inputs. 


The verify is accomplished with OE and CE at 
Vit and РСМ at Мін. 


easily accomplished. That is, all inputs except for 
CE or PGM may be commonly connected, and a 
TTL low level program pulse is applied to-the CE 
and PGM of the desired device only and TTL high 
level signal is applied to the other devices. 
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OUTLINE DRAWINGS 


37.7 MAX 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 


x 
< 
z 
R0.64 8 
2 P 
123 4 6 6 7 8 8 10 11 12 13 14 
x 
< 
= 
ч 
s 15.24 + 0.3 
hs 
*0.15 
925 910 
n 1.3 +0.25 | 
© 
+ 17.4 MAX. 
Бі 
° 
Note 1 Note 2 


Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 
leads. 
2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 
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Mask Programmable Read Only Memories 
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TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD x 8 BIT MASK ROM 
N CHANNEL SILICON GATE DEPLETION LOAD 


TMM334P 


DESCRIPTION 


TMM334P is a 16,384 bits read only memory 
organized as 2048 words by 8 bits and is compatible 
with i2716 type (16K EPROM). It is suitable for use 
in programming of production apparatus used micro 
processor because of its low cost per bit. 

TMM334P's mask making is carried out by com- 
puter using punched paper tape data of customer and 
then sample manufacturing will start. Then for cus- 
tomer, 16384 bits memory data and three chip select 
input active logic are programmable. 

Therefore TMM334P manufacturing procedure 
goes through three steps before mass production. 
First step is a acceptance of customer's punched 


FEATURES 


paper tape data. Second step is a presentation of 
programmed sample (Engineering Sample) for cus- 
tomers. Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc- 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

TMM334P is fabricated with ion implanted N- 
channel silicon gate technology. This technology 
allows a production of high performance. TMM334P 
is moulded in a 24 pin standard plastic package. 


e Single 5V supply voltage; Vcc = 5V + 1096 
e Access time; tacc = 450 ns. (Max.) 
e Directly TTL compatible; All inputs and outputs 
e Proarammable chip select inputs; CS1, CS2, CS3 Easy memory expansion 
e Threestate output; OR tie capability 
e Static operation; No clocks are required. 
e Input protected; All inputs have protection against static charge 
e Pin to pin compatible; TMM323C, i2316E, i2716 
PIN CONNECTION BLOCK DIAGRAM 
(TOP VIEW) Ат a) Vcc 
А6 23[l^s 
As 2204s Усс GND 
Aa 210с53/С53 Do Dy D2 D3D4 Ds Ds D7 
A3 201 cs, /6$, | | TT 
A1d6 19DA10 
А! 7 18рс5,;С5, 2: " 
АО Цв 17007 csi[cs, 13 ic i. 
оо 09 16D 05 cscs; 9—125 25 2% 
z8 = 9 zg 
p,Q10 15805 с5;/с5ҙ os оа оз 
о: 011 140 04 
GND[]!2 13003 б Column decoder 
As O ù 
PIN NAMES зыш: š 
[ee тте Ж co = s = === 100 2 
Ао ~ Ав Row address inputs | Аёо i š 
L B Аз ~ Ato Е Column address inputs 221 ө. N Е š Musas penance? 
2 Боз Data outputs | |] ASG š д тон. ЛОВ 
| С51/С5, ~ CS3/CS3 Chip select inputs 3 a е < т 
“Уш. e Vcc Power Supply Voltage As d 
GND Ground 
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MAXIMUM RATINGS 


SYMBOL ITEM А | RATING 
‘Power supply voltage -0.5--70 
Г VIN, VOUT | Input and output voltage | —05~7.0 1 
Торг | Operating temperature | 0-7 70 
Тед Storage temperature —55 ~ 150 
TSOLDER | Soldering temperature · time | 260 . 10 
| Power Dissipation (Ta = 70°C) | 1.0 
D.C. OPERATING CONDITION 
SYMBOL | PARAMETER CONDITIONS | MIN. | TYP. 
Мн | Inputhighvoltage | Е | Ес | 29 | - 
у. E E Input low voltage u EN - | -0.5 s 
Vcc Power supply voltage Em - 45 - 
D.C. and OPERATING CHARACTERISTICS (Ta = 0°C ~ 70°C) 
SYMBOL PARAMETER CONDITIONS MIN. T TYP. | MAX. ] UNIT 
| na Input high current | Vin = Vcc | - | oo | 10 BA 
| HL — | Input low current | Vin = GND = | æo | —10 | pA. И 
| Vou | Output high voltage | tsource=-04mA | 24 | 30 | - | v 
| Output low voltage | Isink =2.1mA | = | w | 58] 2M 
| Output high current | Vout =24V | -0.4 | -3.0 І - | mA 
I Output low current | VouT -04V ` | 24 | 5.0 L _ mA 
Output leakaqe current а. - +0.01 +10 BA 
| Supply current | lout = ОтА | _ | 40 il 80 mA 


* Ta = 25°С, Мсс =5V 


A.C. CHARACTERISTICS (Та = 0°С ~ 70°C, Vcc =5V= 10%, Сі = 100pF, tr, tt = 20ns) 


| SYMBOL I I PARAMETER I I CONDITIONS 
tACC Access time tAC $ 100ns 

tco | Output delay timé from chip select | tac 2 tACC 

toD | Output deselect time 0 Pos | RL = 100 Q 

tRC Read cycle time | _ 


* Ta = 25°С, Vcc =5V 


CAPACITANCE (Ta=25°C, f = 1 MHz) 


SYMBOL | PARAMETER | — CONDITIONS MIN. | TYP. 
CIN | Input capacitance VIN 7 A. C. GND = 


CouT Output capacitance Vout =A.C.GND ` 


Note: This parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS 


PAPER TAPE FORMAT 


v 
Hn 90% 
Ao~Aro 4 
Vit 10% 
tac 
MLI 
20% 90% 
св /с5 CHIP DISABLE 4 CHIP ENABLE CHIP DISABLE 
10% 10% 
MIS 
' тоо 
—+ — E == 


HIGH IMPEDANCE 


Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code. 
Format 1 (including Data and Check sum every word). 


NULL 


CRLF 


CR LF 


N8; 


CR LF 


(CS; =0) 
CR LF 
(cs, = 1) 
CR LF 
(CS3 = 0) 


СА LF 


Y TMM334P - XXXX Y 


Y MSB = 0, Y 


A 


Take NULL more than fifty characters. 


Contents in single quotation mark (Y. . .Y) indicates a comment and XXXX is a user's 
number. 
CR and LF indicate carriage return and line feed respectively. 


Specify MSB pin. (D; or Оо) 


N8 indicates a 8-bit mask pattern. 
Semicolon ( ; ) indicates a punctuation of data. 


R indicates an absolute address. Enter the address by decimal code every eight 
words. 


X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 


P indicates a check sum of its word. So enter a sum of one's number in a word by 
decimal code after P. 


Data modification: Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
allowed from 0 address to 2047 address. 


Customers can program the active logic of three chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 

The example is shown in Figure. In this example, chip is active under the condition 
that CS1 = '0' and CS2 = 1” and CS3 = ‘0’. 


$ Indicates an End mark . 


Take NULL more then fifty characters. 
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Format 2 (including Data only every word) 


NULL 
WTMM334P - XXXXV 
CR LF 
"MSB-D;V 
CR LF 


мв; 


CR LF 
Ruuu0; X075A ... 3BF1; 


CR LF 


R2032; XBCAE ... 0085; 


CR LF 
(CS; = 0) 
CR LF 
(Cs, = 0) 
CR LF 
(Css = 0) 


CR LF 


Note: Each lead pitch is 2.54 mm. All leads are located within заем, 
0.25 mm of thelr true longitudinal position with respect 10? 
to No. 1 and No. 24 leads. 


R indicates an absolute address. Enter the address by decimal code every sixteen 
words. 


X indicates a hexadecimal code and so enter the data of sixteen words continuously 
after X. 

Data modification: This procedure is following to Format 1. Otherwise specified in 
Format 1. 


Format 1 and Format.2 are Toshiba preferred Format. 
The other acceptable Format is Intel BNPF Format. 


OUTLINE DRAWINGS 


24 23 22 2120 19 18 17 16 15 14 13 


m" MAX. | 


12324 B S5 7 8 8 1011 12 


15.24 TYP. 


5 MAX. 


All dimensions are in millimeters. | 


0.25 +0.05 


2.54 50.25 


2 
= 17.4 MAX. 
a 
Ni 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are Implied, and Toshiba reserves 
the right, at any time without notice, to change sald circultry. 


©Mar., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4096 WORD x 8 BIT MASK ROM 
N CHANNEL SILICON GATE DEPLETION LOAD 


DESCRIPTION 


The TMM333P is a 32,768 bits read only memory 
organized as 4,096 words by 8 bits. It is suitable for 
use in programming of production apparatus used 
micro processor because of its low cost per bit. 

The TMM333P's mask making is carried out by 
computer using punched paper tape data of customer 
and then sample manufacturing will start. Then for 
customer, 32,768 bits memory data and two chip 
select input active logic are programmable. 

Therefore the TMM333P manufacturing procedure 
goes through three steps before mass production. 
First step is a acceptance of customer's punched 
paper tape data. Second step is a presentation of 


FEATURES 

Single 5V supply voltage; Vcc =5V + 596 
Access time; tacc = 450 ns. (Max.) 

Directly TTL compatible; All inputs and outputs 


Three state outputs; OR tie capability 
Static operation; No clocks are required. 


Pin to pin compatible; TMS4732 
PIN CONNECTION 


(TOP VIEW) As[]: 24[]Vcc 
Ae[]2 23D^s 
AsQ3 22D^s 


А4 4 21Dcs;/cs; 


AsQ5 20Пс5,/с5, 
aage 19DA:0 
А: Ц? 18HA 1 
Ao(18 17007 
Dog 16006 
p (ho 1505 
D2011 зро; 
GND[]!2 13D оҙ 
PIN NAMES 
Ap ~ Ав | Row address inputs 
[ As ~ Au | Column address inputs 
ІН 000» -| Data outputs _| 
CS, /CS,: CS, /GS; | Chip select inputs 
VCC Power supply terminal 
GND ] Ground ` = 


TMM333P 


programmed sample (Engineering Sample) for cus- 
tomers. Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc- 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

The TMM333P is fabricated with ion implanted N- 
channel silicon gate technology. This technology 
allows a production of high performance. The TMM 
333P is moulded in a 24 pin standard plastic package. 


Programmable chip select inputs; CS1, CS2, Easy memory expansion 


Input protected; All inputs have protection against static charge 


BLOCK DIAGRAM 


Усс GND 


Do Dı 02 D3D4 D5 06 D7 
о 9 


š £ 
= = š x 
cscs, s ge š 
М = БЕ zš 
cscs; 5 25 Hi 
B z ° 23 
= mie. os 
8 
ane 
As O 
E š 8 x 32 
A100 E 
A110 8 
Ao H š 
Ai ІЗ H 
z у 
Аз H š Memory cell array 
б, 3 i 128 x 256 
Aa < ІЗ 
As 
As © 
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MAXIMUM RATINGS 
- SYMBOL ] 22 ^ ITEM | RATING | B UNIT 
Vcc | Power supply voltage I Бу -0.5--70 Vv 
VIN, VOUT | Input and output voltage Г -0.5--70 : wa Es V 
Topr | Operating temperature 0-70 ec | 
+ - — + -- — - = 
Tstg | Storage temperature —55 ~ 150 °G 
TSOLDER Soldering temperature-time — E Е I 260 - 10 1 °C - sec 
Pp | ШЕ Power Dissipation (Та = 70°С) 10 w 
D.C. OPERATING CONDITIONS 
| SYMBOL PARAMETER І | CONDITIONS | MIN. 
Мін Input high voltage - 2 sed ; 2.0 
VIL | Input low voltage c | -0.5 I 
Vcc Power supply voltage _ 4.75 


= 


D.C. and OPERATING CHARACTERISTICS (Ta = 0°C ~ 70°С) 


SYMBOL PARAMETER — | CONDITIONS 
ин Input high current Vin = VcC 

š Т | Input low current VIN = GND 
Мон | Output high voltage | ISOURCE = —0.4mA 
VoL Output low voltage ISINK = 2.1тА 
Іон Output high current | Vout =2.4V 

| loL |, Output low current | Vout=04V 
ILo | Output leakage current | CS = 0.8V, CS = 2.0V 

= | > Е | Vout =0.4V to Усс 
Icc Supply current lout = ОтА 


* Та = 25°С, Vcc = 5У 


A.C. CHARACTERISTICS (Та = 0°C ~ 70°C, Vcc = 5% + 5%, С, = 100pF, tr, tf = 20ns) 


SYMBOL PARAMETER i | CONDITIONS | 
tacc | Accesstime | й tac © 100ns 
tco | Output delay time from chip select | tac2 ТАСС I 
top Output deselect time Е Е = 


Read cycle time 


“Та = 25°С, Vec =5V 


CAPACITANCE (Ta = 25°С, f = 1MHz) 


SYMBOL PARAMETER | CONDITIONS 1) MIN. ТҰР: 
Сім Input capacitance VIN =A. C. GND - | 4 
CouT Output capacitance Мойт = A. C. GND _ | 8 

L 


Note: This parameter is periodically sampled and is not 100% tested. 


= 230 


TIMING WAVEFORMS 


PAPER TAPE FORMAT 


vin 90% 
А-А 
sa, 7 = 


CHIP ENABLE 


CHIP DISABLE 


V 
DATA VALID 


ANCE 
owl IMPED 


tco 


Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code. 
Format 1 (including Data and Check sum every word). 


ЕИ 
Y TMM333P - xxxx Y 
CR LF 


YwusB = D; Y 
CR LF 


N8; 


CR LF 


CR LF 


(csi = 0) 
CR LF 
(Cs; = 1) 


СА LF 


Take NULL more than fifty characters. 


Contents in single quotation mark (Y... .Y) indicates a comment and XXXX is a user's 
number. 
CR and LF indicate carriage return and line feed respectively. 


Specify MSB pin. (D; or Do) 


М8 indicates a 8-bit mask pattern. 
Semicolon ( ; ) indicates a punctuation of data. 


R indicates an absolute address. 
words. 


Enter the address by decimal code every eight 


X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 


P indicates a check sum of its word. So enter a sum of one's number in a word by 
decimal code after P. 


Data modification: Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
allowed from O address to 4095 address. 


Customers can program the active logic of two chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 

The example is shown in Figure. In this example, chip is active under the condition 
that CS1 = ‘0’ and С52 = '1'. 


$ Indicates an End mark . 


Take NULL more then fifty characters. 
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Format 2 (including Data only every word) 


CEE 


NULL 
Y TMM333P - XXxx¥ 
CR LF 
YmsB=D,¥ 
CR LF 
мв; 
| 
CR LF | 
Ruuu0; X075A . .. ЗВЕ1; R indicates an absolute address. Enter the address by decimal code every sixteen 
| words. 
CR LF | , i 
X indicates a hexadecimal code and so enter the data of sixteen words continuously 
after X. 
қ Data modification: This procedure is following to Format 1. Otherwise specified іп 
R4080; XBCAE . . . 0085; Farmar 
CR LF 
(CS; = 0) | 
Format 1 апа Format 2 аге Toshiba preferred Format. 
CR LF The other acceptable Format is Intel BNPF Format. 
(CS; = 0) | 
CR LF | 
s 
cn LF | OUTLINE DRAWINGS 
NULL к. 
a ë 24 23 22 212019 18 17 16 15 14 13 
1234 56 7 B 9101112 
; 15.24 ТҮР. 
Note: Each lead pitch is 2.54 mm. All leads are located within 32.4 MAX. š = 
0.25 mm of thelr true longitudinal position with respect 10° = 
to No. 1 and No. 24 leads ы 
All dimensions аге in millimeters. 
— 
EE 
2.54+0.25 1.4+0.15 z 
0.5 50.15 2 17.4 МАХ. 
ч 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are Implied, and Toshiba reserves 
the right, at any time without notice, to change said circultry. 
© Sept.,1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4,096 WORD X 8 BIT MASK ROM 


N-CHANNEL SILICON GATE 


TMM2332P 


DESCRIPTION 


The TMM2332P is a 32768-bit read only memory 
organized as 4096 words by 8 bits with a low bit 
cost, thus being most suitable for use in programming 
of production apparatus using microprocessor. 

The TMM2332P features an automatic power down 
mode. When deselected by Chip Select (CS/CS), 
the device is in low power (ISp*15mA MAX.) stand 
by mode, This device feature results in system power 


FEATURES 


e Single 5V-Power Supply 
Fast Access Time: 350ns (MAX.) 
ө Low Power Dissipation 
Operating Current = 100mA (МАХ.) 
Standby Current = 15mA (MAX.) 
Power Down Feature: CS / CS 
Programmable Chip Select: CS / CS 
Output Buffer Control : OE 
Easy memory Expansion : CS / CS 


PIN CONNECTION 
(TOP VIEW) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 


PIN NAMES 
| Ао-Ан | Address Inputs _ А ] 
Do~D7 Data Outputs 
CS/CS | Chip Select Input 
OE | Output Enable Input 
Vcc ` Power (+5V) _ = 
GND | Ground — 


saving in larger systems, where the majority of de- 
vices are deselected. 

The TMM2332P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2332P is moulded in a 24-pin standard 
plastic package. 


ө Static Operation 

@ Pin Compatible with 2732 Type EPROM and 
i2332 

@ All Inputs and Outputs 

Directly TTL Compatible 

@ Three State Outputs: Wired OR Capability. 

Ф Inputs Protected: All inputs have protection against 
static charge. 


BLOCK DIAGRAM 


VeeGND p cpi D, D3D4 Ds Dg Dy 

9 о 9 
Control 
Circuit 


| 4 9 9 ? 


L Output Buffers 


А- о- 
As о- Column Decoder 
Ag о 


8, Memory Cell Array 


Address Input Buffers 


(256 x 128) 


Row Decoder 
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ма | aO | еді УТ 
Output Vote 05270 
B 
— ТИИ i; ae ЕЕГ 77 же °С 


Soldering Temperatures Time 260 • 10 *C*Sec 
ШЕНГЕН Fee Bispstm (a= 70°C — MERS RPM Барт 


Input High Voltage 
Input Low Voltage 
Power Supply Voltage 


SYMBOL PARAMETER 


Input Leakage Current 


Output High Current 


Output Low Current Vor = 0.4% 


ОЕ = Мін or CS = VI 
Output Leakage Current н аг ІН 
Vout = 0.4V ~ Мес 


Operating Current СЅ = Уц or CS= Vin 


Standby Current С5 = Vin or CS = ViL 


| (T,20- 70°C, f - 1MHz) 


[svwaoL [PARAMETER — | CONDITIONS [| wm. | TVA | мах | UNIT | 
| cm | paqpas — | Vac — — — [| = L 8 ] ш T = | 
Output Capacitance — | Уолу — | - [ 8 | 1$ | F] 


Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Vcc=5V+10%, T, = 0 ~ 70°C) 


SYMBOL PARAMETER MIN. 
tRC Read Cycle Time aji 350 
tacc Access Time - 
tco Chip Selection to Output Valid _ 
too OE to Output Valid _ 
E (77 Chip Deselection to Output in High-Z = 
| topo [= OE to Output in High-Z = 
tPU Chip Selection to Power Up Time 0 
tpo Chip Deselection to Power Down Time _ 
A.C. TEST CONDITIONS 
Input Rise and Fall Times ; 20ns 
Timing Measurement Reference Levels ; Input 0.8V and 2.0V 


Output: 0.8V and 2.0V 
Output Load; 1-TTL Gate and C, = 100pF 


A.C. TIMING WAVEFORMS 


Address 


EEUU шз 7 


Уон 


Do~D7 Output Data Valid 


Supply 
Current 


Note: (1) CS and CS waveforms are shown by dotted line and straight line respectively. 
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ACCEPTABLE FORMAT 

Toshiba can accept programming and masking 
information for TMM2332P in the form of punched 
paper tape with Intel BNPF format or master devices 
(EPROM). 


OUTLINE DRAWINGS 


24 23 22212019 18 17 16 15 14 13 


l 


x 
< 
= 
R15 / N 
4 
EE: 
12345 6 7 89 1011 12 
s 
32.4 MAX. ad 5 15.24 ТҮР. 
10 = | 
25%0.05 
2.54+0.25 | 
| 17.4 MAX. 


Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 


64K BIT (8K WORD X 8 BIT) MASK ROM 


N CHANNEL SILICON GATE 


TMM2364P 


DESCRIPTION 


The TMM2364P is a 65536 bit read only memory 
organized as 8192 words by 8 bits with a low bit cost, 
thus being most suitable for use in programming of 
production apparatus using micro-processor. 

Consisting of static memory cells and clocked pe- 
ripheral circuitry, the TMM2364P provides a high 
speed and low power dissipation (access time 250ns, 
operating current 40mA) 

The TMM2364P also features an automatic stand- 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 


FEATURES 


e Single 5V + 10% power Supply 

€ Access Time: 250ns max 

e Low Power Dissipation 
Average Current 
Standby Current 


40mA max. 
15mA max. 


e Input and Output: TTL Compatible 
e Three State Outputs: Wired OR Capability 
PIN CONNECTION 
= 
ns 
> 
а. 
S 
E 
PIN NAMES 
Ag ^ Ain Address inputs 
4 
Do ~ D; | Data outputs 
CS/CS | Chip select inputs 
OE Output enable inpu | 
СЕ Chip enable input 
N.C L No connection | 
Усс Power supply terminal 
GND Ground 


15mA. Output Enable (OE) is effective in preventing 
data confliction on a common bus line. 

The TMM2364P uses the address latch system that 
the falling edge of CE latches all inputs except for 
OE, thus can be easily connected to a system where 
address and data buses are commonly used 

The TMM2364P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance 

The TMM2364P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width 


e Edge Enabled Operation E 

e Output Buffer Control: OE 

e Programmable Chip Select: CS, , CS, 
Easy Memory Expansion 


e Pin Compatible with i2364 
e Inputs protected All inputs have protection 
against static charge. 
BLOCK DIAGRAM 
Усс GND 
GE ° 
š É 
4% š 
š š Ее 
Ë š 8 
- = = 5. 
CS, /CS, ° BE 5 š 
НЕ БЕ 
2 HE 
CS; /С5, o $5 
cE 
8 
z 
Aso s 
А. о a w. 
hu š E 
Ase = š 3 65536 bits 
Aso 52 > Memory сей 
Fg $ š š arra 
Lm = К 
An 
A 


aj 


Power Supply Voltage 
Input and Output Voltage 
Operating Temperature 


Storage Temperature 
Soldering Temperature · Time 


Power Dissipation (Ta = 70°C) 


PARAMETER 
Input High Voltage 
Input Low Voltage 
Power Supply Voltage 


(Ta =0 ~ 70°C) 


PARAMETER CONDITIONS 
Input High Current Vin = 5.5% 
Input Low Current Vin = GND 
Output High Voltage Іон = —400 uA 
Output Low Voltage 


СЕ - 22V or 


Output Leakage Current 


Standby Current 


* Typical values аге at Ta = 25°C and Vcc = 5V. 
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A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Усс = 5V + 10%) 


SYMBOL PARAMETER 


Address Hold Time 

Access Time 

Output Delay Time from OE 

Output Turn off Delay 

CE off Time 

Cycle Time tas = Опѕ, tr, tr =5ns 


* Typical values are at Ta = 25°C and Vcc = 5У. 


e Output Load: ITTL Gate + 100pF 

e Input Rise and Fall Times (10% ~ 90%): 5ns 

e Input Pulse Levels: 0.8 ~ 24V 

e Timing Measurement Reference Levels: Input; 1V апа 2.2V 
Output; 0.8V and 2.0V 
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CAPACITANCE (Та = 25°С, f = 1MHz) 


SYMBOL I PARAMETER CONDITIONS T MIN ТҮР МАХ UNIT 
Cin Input Capacitance Vin = А.С. GND | _ 5 10 pF 
Cout Output Capacitance Vour = А.С. GND L- 8 ara 


Note: This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 


ADDRESS. CSI, , 
2 Y CHANGE 
{ сезме ] EE СОС, — 


їсс 


Do ~ 05 DATA VALID 


tcvc 


Note (1) top is specified from OE or CE, whichever occurs first 
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OPERATION MODE 
СЕ CS;, CS; , Address | OE | OUTPUT | MODE 
H ] (1) | (1) | неп | Standby 
E Valid | (1) High Z Latch 
(2) | L Data out Read 
Note (1) Don't care 
(2) С5|, CS2, Address may change after tay. 
1 cycle 
L. 
APPLICATION INFORMATION СЕ Ун E, 
IL 
1. POWER SUPPLY DECOUPLING = 
icc 50 li 
i H i (m. 40 
The operating current Ісс waveforms for TMM2364P are shown in Fig. 2: aa UL AID 


1-2 

Тһе TMM2364P is а clocked device, so the transient current peaks аге pro- 
duced on the CE transition and CE active level. 

The Ice current transients require adequate decoupling of Vcc power 


supply. 


2. POWER ON 


The TMM2364P requires initialization prior to normal operation. Two 
initialization methods are as follows: 


(1) A minimum 100ys time delay is required after ‘the application of 
Vec (+5V) before proper device operation is achieved. And during 
this period, CE must be at Vi level. 

(2) A minimum 1004s time delay is required after the application of 
Vec (5V), and then a minimum of one initialization cycle must be 
performed before proper device operation is acheived. 


vlc) LLL IE 

old | "rrr үл | 

o 100 200 300 400 500 
Time (ns) 


Fgi. 1 Icc vs time (CS: Select) 


1 cycle 


0 
0 100 200 300 400 500 
Time (ns) 
Fig.2 Icc vs time (CS: Deselect) 


Initialization cycle: An initialization cycle is one Chip Enable clock cycle from the first down edge of the 


CE till the next down edge. 


== 


TOSHIBA PAPER TAPE FORMAT 
Use 7 or 8-bit (even parity) ASCII code paper Tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 


A. Format 1 (when a check sum per word is used) 


Preceding the first data field and following the last data field there must 
be a leader/trailer length of at least 50 null characters 


“тмм2зваРГІГІГІГІ" š А 
^ Contents in a single quotation mark (,... .. ,) signify a comment and 


'MSB = D, J OOO O indicates a four-digit user pattern number. 
NB; ^ 


a indicates carriage return and line feed 


Specify the most significant bit (MSB) of the device outputs (D; or Do) 
N8 indicates that the mask pattern is an 8-bit pattern. 


Semicolon ( ; ) signifies a punctuation of data. 


R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R 


X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every’ word after the 
character X. 


P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 


* Data Modification 
Modifying single and continuous word data can be carried out by 


il sll or viele ^ specifying the modifying addresses and inputting the data following the 
à sa 34 " Sore af above procedure before the end symbol. 
in wi) қ Modification сап be allowed from 0 to 8191 addresses. 


Specify the active logic of chip selects (CS, and CS, ) in the parentheses 
respectively. 
97 Enter “1” and "0" when active at high and low levels, respectively. 
An example is shown in the left figure. 
In this example, the device is selected under the condition that CS, and 
CS, are at high and low levels, respectively 


$ signifies the End symbol. 
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B. Format 2 (When a check sum per word is not used) 


‘тмм2364ғ:0000 7 


'MSB = D; J 
NB; / 


X7F5A 


R signifies an address. 
Enter the address with the four decimal digits every sixteen words after 
the character R. 


X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 


Otherwise specified in Format 1. 


R8160; Х1ЕС5 31DE; J 
R8176; XADAG ....1BA4; J 
(с51=1) 4 


(C$3-0) 4 


In addition, Toshiba can also accept programming and masking information for TMM2364P in the form 
of punched paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 


Unit: mm 
28 27 26 25 24 23 22 21 20 19 18 17 16 15 
R15 | 
x| 
< 
2| 
N 
=< 
i= 37.4 MAX. 21 15.24 ТҮР 
х 
4 
= 
9 
0550.15 2 
= 
2.54t025 і 1420.15 0.2 MAX 3 174 MAX 


Note: Each lead pitch is 2.54 mm 


All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 
and No. 28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; 
the right, at any time without notice, to change said circuitry 
©Aug., 1980 Toshiba Corporation 


no circuit patent licenses are implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 


64K BIT (8K WORD x 8BIT) MASK ROM 
N-CHANNEL SILICON GATE 


DESCRIPTION 


The TMM2365P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro- 
processor. 

The TMM2365P is fully compatible with a 64 K 
bits EPROM TMM2764D, so completely replace 
EPROM socket, 

The TMM2365P also features an automatic stand- 
by power mode, Wheh deselected by Chip Enable 


FEATURES 


e Single 5V power Supply 
e Access Time: 200ns max. 
e Power Dissipation 
Average Current: 100mA max. 
Standby Current: 25mA max. 
e Input and Output: TTL Compatible 


PIN CONNECTION 


z 
= 
> 
а. 
о 
Е 


Ao ^ А; Address inputs | 

Do ~ 0» | Data outputs 
| S Bi Output enable input 
| СЕ СЕПСЕ" Chip enable inputs 
| N. C. ~ | Noconnection 
| Vec | Power supply terminal 


GND | Ground 


TMM2365P 


(CE, ~ 3/CE, ~ 3), the operating current is reduced 
from 100mA (MAX) to 25mA(MAX). Output Enable 
(OE) is effective in preventing data confliction of a 
common bus line. 

The TMM2365P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2365P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


e Three State Outputs: Wired OR Capability 
e Output Buffer Control: OE 
e Programmable Chip Enable: CE,/CE,, CE2/CE2 
CE3/CE3 
Easy Memory Expansion 
e Compatible with 64K EPROM TMM2764D 


BLOCK DIAGRAM 


Усс GND 


; P 


DoD; D; Ds Dg Ds Dg D7 


CE INPUT 
BUFFERS 
CONTROL 
CIRCUIT 
OUTPUT 
CONTROL 


COLUMN 
DECORDERS 


MEMORY CELLS 
256 х32х8 


uv 
с 
ш 
ш 
u 
= 
о 
m 
3 
a 
= 
no 
ә 
ш 
с 
а 
а 
< 


ROW DECORDERS 


SYMBOL 


ITEM RATING UNIT 
Vcc Power Supply Voltage —0.5 ^ 7.0 V 
Vin. Vout Input and Output Voltage —0.5 ^ 7.0 V ] 
Torr Operating Temperature I 0—70 "С 
Тетс Storage Temperature —55 ~ 150 26 | 
Soldering Temperature * Time 260 * 10 °С. sec 
Power Dissipation (Та = 70°С) | 1.0 м 
РАНАМЕТЕН CONDITIONS MAX UNIT : 
Input High Voltage Увс+1 C 
Input Low Voltage 0.8 V 
Power Supply Voltage 55 V 


дысы А 


70°C) 


PARAMETER | 


CONDITIONS 


Input High Current Vin = 5.5V Е 
Input Low Current Vin = GND 
Output High Voltage Іон = -40шА 
VoL Output Low Voltage lot = 3.2mA 
по Output Leakage Current OV < Vout < Vee 
leei Standby Current CE = 20V, CE = 0.8V 
lees Average Current - tcvc-200n5, Іоџт=ОтА 


PARAMETER 


Access Time 
Output Delay Time from CE/CE 


Output Delay Time from OE 
Output Turn off Delay 


Cycle Time 


детте 


Ф Output Load 


@ Input Pulse Levels :0.8— 22V 


: 1TTL Gate + 100pF 
€ Input Rise and Fall Times (10% ~ 90%) : 5 ns 


€ Timing Measurement Reference Levels 
Input ; 1V and 2.0V 
Output; 0.8V and 2.0V 
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CAPACITANCE (Ta= 25°C, f = 1MHz) 


[ SYMBOL PARAMETER CONDITIONS MIN. | MAX | UNIT 
Cin Input Capacitance Vin = A.C. GND - 8 pF 
Cout Output Capacitance Vout = A.C. GND | - 10 pF 


Note: This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 


Ap 7 Az ADDRESS STABLE X 


Do —7 


Note: top is specified from OE or CE/CE, whichever occurs first. 


POWER ON 
The TMM2365 has self substrate-bias generator required after the application of Vec (4.5 ~ 5.5V) 
internally. So a minimum 100и5 time delay is before proper device operation is achieved. 
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OUTLINE DRAWINGS 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 Unit in mm 
R1.5 
x 
< 
= 
N 
= 
— 5 
а 37.4MAX. ai Йа. х L. 15.24 ТҮР. 
i š 15 
š A 
= 
" 
| 
| | 
174MAX. 
2.54:0.25 = а 


Note: Each lead pitch is 2.54mm. 
All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves: 
the right, at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


64K BIT (8K WORD x 8 BIT) MASK ROM 
N-CHANNEL SILICON GATE MOS 


DESCRIPTION 


The TMM2366P is a 65536 bit fully static read 

only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro- 
processor. 
The TMM2366P also features an automatic standby 
power mode. When deselected by Chip Enable (CE/ 
CE), the operating current is reduced from 100mA 
(MAX) to 25mA (MAX). 


FEATURES 


e Single 5V power Supply 

ө Access Time: 200ns max. 

e Power Dissipation 
Average Current: 100mA max. 
Standby Current: 25mA max. 


PIN CONNECTION 


= 
= 
> 
a 
o 
Е 


РІМ МАМЕЅ 
[ Ao “Aí Address inputs | 
Do ~ D; NT outputs — 
| CE/CE | Chip enable input 
Усс Power supply terminal 
GND ER Ground 


CE/CE O 


TMM2366P 


The TMM2366P is fabricated with ion implanted 
N-channel silicon gate technology. 

This technology allows a production of high perform- 
ance. 

The TMM2366P is moulded in a 24 pin standard 
plastic package, 0.6 inch in width. 


Input and Output: TTL Compatible 
Three State Outputs: Wired OR Capability 
Programmable Chip Enable: CE/CE 
Compatible with TMS4764 


BLOCK DIAGRAM 


Усс GND Do D, D2 D3 D4Ds De D7 
о о © 


i 7 


Output 
Buffers 


Control 
Circuit 


Memory Cells 
256 x 32x 8 


=) 


Address Input Buffers 


Row Decorders 


MAXIMUM RATINGS 


| RATING 
Усс Power Supply Voltage | —0.5—7.0 
Vin, Vout Input and Output Voltage | —0.5 ^ 7.0 
ToPR Operating Temperature Dc 70 
Тетвс Storage Temperature | —55 ~ 150 
Soldering Temperature Time | 260 * 10 
Power Dissipation (Ta = 70°C) | 1.0 
D.C. OPERATING CONDITIONS 
SYMBOL PARAMETER CONDITIONS MIN. ТҮР. МАХ. UNIT 
Input High Voltage _ 2.0 = Vcc+1 v 
Input Low Voltage - —0.5 - 0.8 V | 
Vec Power Supply Voltage m 4.5 5.0 5,5 ТЕБЕН 


PARAMETER 


CONDITIONS 


Input High Current 


Vin = 5.5V 


Input Low Current Vin = GND 
VoH Output High Voltage Іон = —400uA 
VoL Output Low Voltage lot = 3.2mA 
һо Output Leakage Current OV < Vout < Vcc 
lect Standby Current CE = 2.0V, CE = 0.8V 
lcc2 Average Current teyc = 200ns, lout = OMA 
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А.С. CHARACTERISTICS (Ta = 0 ~ 70°C, Vec = 5V + 10%) 


SYMBOL | PARAMETER | MIN. | 
tacc Access Time m | 
tcE Output Delay Time from CE/CE _ | 
top | Output Turn off Delay - | 3 
tcvc Cycle Time 200 | 
A.C. TEST CONDITIONS 


@ Output Load : TTTL Gate + 100pF 

€ Input Rise and Fall Times (1096 ^ 9096) : 5 ns 

€ Input Pulse Levels : 0.87 2.2V 

€ Timing Measurement Reference Levels : Input; 1V and 2.0V 
Output; 0.8V and 2.0V 


CAPACITANCE (Та = 25°C, f = 1MHz) 


SYMBOL | PARAMETER | CONDITIONS | MIN. 
LM === 2 | 
Cin _ | Input Capacitnace EM Vin = A.C. GND NS 
Cout | Output Capacitance | Vout = А.С. GND | _ 
Note: This parameter is periodically sampled and is not 100% tested. 
TIMING WAVEFORMS 
-- tcvc е) 
СЕ/СЕ 
Do ^D; 


POWER ON 


The TMM2366 has a self substrate-bias generator 
internaly. So a minimum 100 us time delay is 
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MAX. 


required after the application of Усс (4.5 ~ 5.5V) 
before proper device operation is achieved. 


TOSHIBA 


OUTLINE DRAWING 


24 23 2221 20 19 18 17 16 15 14 13 


В1.5 
32.4MAX. a 2 15.24 TYP. 
š 
) ү | — 0. 
і ' EE 0.05 
| ) ! i | 
2.54 * 0.25 Ш 14 +0.15 Е 
š | 
0.5+0.15 = 17. АМАХ. 


Note: Each lead pitch is 2.54 mm. All leads аге located within 0.25 mm longituidnal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 


Note Toshiba does not assume any responsibility for use of any circuitry described. no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry 
© Feb., 1983 Toshiba Corporation 


Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 


16,384 Word x 8 Bit Mask ROM 


N-CHANNEL SILICON GATE MOS 


TMM23 128P 


FEATURES 


e Fully Static Operation 

e 16,384 word x 8 bit Structure 
Single 5V Power Supply 

tacc = 200 ns max. 

Topr = 0 ~ 70°C 

* |сс ope = 80 mA max. 


PRELIMINARY 


e Input and Output: TTL Compatible 
Three State Outputs 

Programmable Chip Select 

Pin compatible with EPROM TMM27128 


28 pin 600 mi!. Width DIP Plastic Package 


€ Icc sby = 20 mA max. 
PIN CONNECTION BLOCK DIAGRAM 
Vcc GND 0001020304050607 
a 9 
? ЧҮЧҮ 
мс | 1 28 | vcc s Y JT | | 
Anj 2 27 | С51/С5 ,/NC OE o iu = | 
A7 A 
2 же) е eater ola P OUTPUT OUTPUT BUFFER 
^e |4 25 | As š m or CONTROL 
А5 |5 24 | Ag z c t 
u 
А4 |6 23 | Aun = 5 Б 5 e 
Аз |7 22 | OE Cs;/GS 2 o— zz à ou 
А: |в 21 | Aio 
Ai |9 20 | CS3/CS> — — 
Ao |10 19 | 07 x 
дь |59 «a: lina бо о ч E COLUMN DECODER 
1 O— c 
Di | 12 17 5 Аз О- ш 
D2 |13 16 | D4 Азо- u 
GND| 14 15 | D3 A4 O 2 
As o— Es 
Ав © 3 5 
(TOP VIEW) A? O a Ш 
ЧЕ 2 8 — MEMORY CELL 
[^] o ARRAY 
A9 O- 5 Š 16,384 x 8 
A100 Ш 
АЦО E Š 
Ano < с 
A130 
PIN NAMES 
pev Address Inputs 
Dg ~ D; Data Outputs 
CS, ~2/CS; ~2 Chip Select Inputs 
OE Output Enable Input 
N.C No Connection 
Vcc 5 V Power Supply 
GND Ground 
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ее 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses аге implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
(ONov., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TMM23256P 256K BIT (32K WORD x 8 BIT) MASK ROM 


N-CHANNEL SILICON GATE 


TMM23256P 


DESCRIPTION 

The TMM23256P is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, thus being most suitable for use in 
character generator. 

Consisting of static memory cells and clocked pe- 
ripheral circuitry, the TMM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA) 

The TMM23256P also features an automatic stand 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 


FEATURES 

€ Single 5V Power Supply 

e Fast Access Time : 150ns (Max.) 

e Low Power Dissipation 
Average Current 
Standby Current 

e Inputs protected 
Against Static Charge 


PIN CONNECTION 


40mA (Max.) 
10mA (Max.) 
All Inputs have Protection 


"Address Inputs 
Data Outputs 
Output Enable Input 


ОЕ o — = =s 


СЕ0— input Buffer 


Chip Enable Input 


No Connection 


Power Supply Terminal 


Ground at = u 


10mA. Output Enable (OE) is effective in preventing 
data confliction on a common bys line. 

The TMM23256P uses the address latch system 
that the falling edge of CE latches all inputs except 
for OE, thus can be easily connected to a system 
where address and data buses are commonly used. 

The TMM23256P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production on high performance 

The TMM23256P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


° 
m 
m 


Edge Enabled Operation . 
e Output Buffer Control : OE 
Input and Output TTL Compatible 
Three State Outputs : Wired OR Capability 
28 pin Standard Plastic DIP 


еее 
mi 


BLOCK DIAGRAM 


о o 0001020304050607 
99999999 


Output 


Chip, Enable Buffers 


and Clock 


^o o 
A1 о. Column 
Аз о 4 6 Decoder 
ao) š 
Аз о = 
faig 5 8x64 
Ав o š | 
Ало 5 

a 
sece š 
Ag о @ 9 
Алоо " á 

$ Е = |512 262,144 bits 
Апо | 3 e Memory cell 
А20 Ж array 
A130 
Also 4 
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SYMBOL ITEM RATING 
Nec Power Supply Voltage =0.5~ 7.0 
Input and Output Voltage 
TOPR Operating Temperature 


ER 


^ VFERAT 


SYMBOL 
Мін Input High Voltage 
Vit Input Low Voltage 


Power Supply Votan 


{Ta = 0 ~ 70°C) 


SYMBOL PARAMETER CONDITIONS 
Input High Current 
Input Low Current 
Output High Voltage 
Output Low Voltage 


Output Leakage Current 


Standby Current 
Average Current 


“ Typical values are at Ta = 25°C and Усс = 5V. 


(Ta = 25°C, f = 1MHz) 


SYMBOL PARAMETER CONDITIONS 


Input Capacitance Vin =A.C. GND 


Output Capacitance Vout = А.С. GND 
Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Та = 0— 70°С, Vec = 5V + 10%) 


SYMBOL | PARAMETER | CONDITIONS MIN. | TYP. | MAX. | UNIT 
B ЕТІН | СЕ pulse width E ES = $ 150 | - 1 - ns 
tas Address Setup Time - 0 = = ns 
ÜAH ] Address Hold Time | - IECUR 30 ў _ _ ns 
tacc | Access Time | - | _ | = | 0 |. m$ | 
| too L Output Delay Time form OE - | EX | = š | SE m d . 70 | E | 
a top | Output Turn off Delay L _ = | - | 70: ns | 
tec CE off Time - | 70 - ns 
| teve | Cycle Time | mms t. н-5е | 230 | = ns 


e Typical values are at Ta = 25°C and Vcc =5V 


A.C. TEST CONDITIONS 


e Output Load : 1TTL Gate + 100pF 

ө Input Rise and Fall Times (10% ~ 90%) : 5ns 

e Input Pulse Levels : 0.8 ~ 2.4V 

e Timing Measurement Reference Levels : Input ; 1V and 2.2V 
Output , 0.8V and 2.0V 


TIMING WAVEFORMS 
Ag 7 A14 ADDRESS MAY CHANGE X 
TAS ТАН tcc 
ва "i |——©ы Жен — = 
Se ES 
=) too 
OE uu TY We. d aud Q (с-з: 
tacc top!) 
— -- -- - 
HIGH 2 УУ, ` HIGH -Z 
Do 7 D; 50507 ОАТА УАШО 
'CYC 
Las - 


Note (1) top is specified from ОЕ or CE, whichever occurs first. 
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The TMM23256P has two control functions. put buffers, independent of device selection. Assum- 
The chip enable (CE) controls the operation power ing that OE = М, the output data is valid at the 
and should be used for device selection. The falling outputs after tacc (150ns) from the falling edge of 


edge of the CE will activate the device and latch the the CE. 
addresses. The output enable (OE) control the out- 


The operation modes of the TMM23256P are listed in the following table. 


| ADDRESS | OE | OUTPUT | POWER | 
зу ë M [| + | + | High Impedance | Stmdby | 
[ Vaid | + | High impedance | — | 
а | = | ata Out | Act 
| t |  * | H | Himhimpedane | Active | 
Note * Don't care 


= Address may change after tag. 


Output Deselect 
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TOSHIBA 


APPLICATION INFORMATION 


1. POWER SUPPLY DECOUPLING 

The operating current Icc waveforms for TMM 
23256P are shown in Fig. 1, 2. 

The TMM23256P is a clocked device, so the tran- 
sient current peaks are produced on the CE transition 
and CE active level, 


1 cycle 


The Icc current transients require adequate de- 
coupling of Vcc power supply. 


Е 

2. POWER ON = 

The TMM23256P requires initialization prior to 

normal operation. Two initialization methods are as 
follows: 

(1) A minimum 100us time delay is required 
after the application of Vcc (+5V) before 
proper device operation is achieved. And dur- 
ing this period, CE must be at VIH level. 

(2) A minimum 100us time delay is required 1 i100 200 300 
after the application of Vcc (5V), and then a Time (ns) 
minimum of one initialization cycle must be 
performed before proper device operation is 
acheived. 


lec (ma) 


400 500 


Fig. 1 Icc vs. Time (1) 
1 cycle 
Initialization cycle : An initialization cycle is one = 


Chip Enable clock cycle from the first down edge of 
the CE till the next down edge. 


lec (mA) 


o 100 200 300 400 500 


Time (ns) 


Fig.2 lec vs. Time (2) 
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TOSHIBA 


OUTLINE DRAWINGS 


Unit ; mm 


i 
R15 
x 
< 
= 
N 
z 
! 
x 
< 
37.4 MAX z 15.24 Typ. 
= - а -j 
x 5 
PTA 
= ! 
2 (ч ay fy ec ee EN NEUE НО 
| 
T 0.1 
+ 
1 
0.5 +0.15 
2 
+ £ = 7.4 Max. 
2.54t025 | |. BENE ETSI 0.2 MAX š ss 17.4 Max Д 
N 
" 


Note Each lead pitch is 2.54 mm 
All leads are located within 0.25 mm of their true lingitudinal position with respect to No. 1 and No. 28 leads. 


Note: 


Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses a 
the right, at any time without notice, to change said circuitry. 
ÐNov, 1981 Toshiba Corporation 


implied, and Toshiba reserves 


zB 


CMOS Mask Programble Read Only Memory 
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32 K Bit CMOS MASK ROM COMPARISON TABLE 


PIN CONFIGURATION 


TC5332P 


T 


C5333P 


TC5334P 


TC5335P 


Operation Mode Table 
L TC5332P TC5333P 
S dem | Es | 29) | Addresses | Outputs | Power n 5 | Addresses | Outputs | Power 
— " —1- — as | | 

Address Latch i РЕ на = Жыр» Valid | High-Z - 
Read HL | t Valid Dout Active Ë L » Dout | Active 
Standby M |274 ° High-Z | Standby | H ЦЕ. High-Z | Standby 
Output Deselect ни | d _ K. High-Z | Active L J B Е High-Z Active 
Operation Mode Fully Static Operation (Asynchronous Type) Г Address Latched Operation (Synchornous Type) 


TC5334P | 
T 


TC5335P 


-- 


-— г 


Output Deselect 


sore oe 


Operation Mode 


[== к | Ec 3 


= — ER == 2 
~ Pin Name | СЕ, /СЕ, | СЕ, /CE; Е ОЕ 
Ss Numbor (20) (21) Addresses | Outputs Power | (20) (21) Addresses | Outputs | Power 
т —T = е 
Addresses Latch — же” А. „—= ey "ipsc Шы Valid | High-Z к= 
Read H/L H/L Valid Dout Active L | ІЙ ” бол | Active 
Standby 1 | gH ШЕ; Б High-Z | Standby | H . . High Standby 
Standby 2 L/H ` Highz | Standby | | — | — == š 


= == 
High-Z | Active” 


Fully Static Operation (Asynchronous Type) 
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т Address Latched Operation (Synchronous Туре) 


TOSHIBA MOS MEMORY PRODUCTS 


4K WORD x8 BIT CMOS MASK ROM 
SILICON GATE CMOS 


DESCRIPTION 


The TC5332P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V sup- 
ply. 

The TC5332P has a programmable chip enable 
input (CE/CE) for device selection and a output 
enable input (OE) for fast access and output control 
The maximum access times from address and chip 
enable are both 450 ns. 


FEATURES 


ө Access Time: 450ns 
@ Low Power Dissipation 
lppo = 7mA (Мах.) Operating 
Ірос = 204A (Мах.) : Standby 
€ All Inputs and Outputs: TTL Compatible 
e Three state outputs 


PIN CONNECTION (top view 


1 
2 
3 
4 
5 
6 
7 
8 


PIN NAMES 
| Ao An ADDRESS INPUTS 

D; ^D, | DATA OUTPUTS 
| CE/CE | CHIP ENABLE INPUT E 
| OE | OUTPUT ENABLE INPUT ` 
| Мәә | POWER у | 
Ë GND. | GROUND E 


TC5332P 


The TC5332P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equiva- 
lent. The TC5332P's maximum operating and stand- 
by current is 7mA and 2044, respectively. Thus the 
TC5332P is most suitable for use in low power 
applications such as battery operated system. 

The TC5332P is molded in a 24 pin standard 
plastic package. 


Fully Static Operation — — E 

Two Control Functions: CE/CE, OE 
Programmable Chip Enable: CE/CE 

Output Control: OE 

Pin Compatible with TMM2332P and TMM2732D 
Standard 24 pin Plastic Package 


BLOCK DIAGRAM 


Vpp GND 


| i Do D1D2 D3D4Ds Dg Dç 
o о о [e] o 


Output Buffers 
Column Decoder 


Address Buffer 


128 Memory Cell Array 


(256 x 128) 


Row Decoder 


ceo _ 


SYMBOL ITEM RATING 


Уур Power Supply Voltage -0.3V ~7.0V 
Vin Input Voltage -0.3V ~7.0V 
Vout Input/Output Voltage 0V ^ Vpop 
Pp Power Dissipation (Ta = 85°С) 0.8w 


TsrG Storage Temperature -55°C ~ 150°С 
ToPR Operating Temperature -40°C ~ 85°C 


Soldering Temperature * Time 260°C ~ 10 sec 


PARAMETER 
Power Supply Voltage 
Input High Voltage 
Input Low Voltage 


SYMBOL PARAMETER | CONDITIONS 


Іш Input Load Current | 0 < Vin < Vpp 


По Output Leakage Current CE = Vit (CE = Vin), OV Š Vox Š VoD = HA 
Output High Current Мон = 24V mA 
Output Low Current Vo. = 0.4V mA 


CE = 0.8V (CE = 22V) 
CE = 02V (CE = Vpp — 02V) 
СЕ = Мн (CE = V ), toye = dus, 
Vin = Мін М, lout = OmA , 

CE = Vpp (СЕ = ОУ), teye = 145, 
Vin = Vpp/GND, lout = OMA 


Standby Supply Current 


Operating Supply 
Current 


e |8 
Note: Typical values аге at Ta = 25°C, Vpp = 5V. 


SYMBOL PARAMETER 


Input Capacitance 
Output Capacitance 


Note. This parameter is periodically sampled and is not 10095 tested. 


— 266 — 


A.C. CHARACTERISTICS (Та = -40 ~ 85°С, Vpp = 5V + 10%) 


TOSHIBA 


SYMBOL . PARAMETER MIN MAX. | UNIT 
| face Address Access Time = _ = 450 | ns 
{СЕ Chip Enable Access Time | _ - | 450 | ns 
toe š Output Enable Access Time _ m 1050 | n | 
top Output Desable Time == _ | Б 100 T ns 
ШЕСІ Cycle Time 0 zu 450 - = | ns 


A.C. TEST CONDITIONS 


ө Output Load 
e Input Pulse Levels 


100pF + 1TTL Gate 


0.6V, 2.4V 


e Timing Measurement Reference Levels 


Input 
Output 


e Input Pulse Rise and Fall Times : 


0.8V and 2.2V 
0.8V and 2.2V 
10ns 


TIMING WAVEFORMS 


Ao ~ A 


CE/CE 


Do ~ 07 


OPERATION MODE 


move | cee | OE ADDRESS | OUTPUTS 
Read TC | 3 Valid | Data out 
Standby L (H) * * | High 7 

* : Don't care 


= 200 = 


Output Data Valid 


? 


TYPICAL CHARACTERISTICS 


500 
ТАСС vs. Урр 


tce vs. Урр 150 toe vs. Vpp 
та = 25°С та = 25°С та = 25°С 
400 C, = 100pF + 1TTL 400 C, = 100pF + 1TTL C, = 100pF + 1TTL 
= = 100 
E 300 ж зоо = 
5 & © 
ш 
‚4 E = 50 
200 200 
0 
100 100 n А А 
з а 5 6 7 3 4 5 6 7 3 4 5 6 7 
vpo ІМІ Vpp ÍV] Vpp IV! 
tacc vs. Ta tce vs. Ta tog vs. Ta 
Vpp ~ 4.5V Vpp = 4.5V Мор = 4.5V 
CL = 100pF + 1TTL Сү = 100pF + 1TTL CL = 100pF + 1TTL 
A66 L р 400 L р 150 L р 
B 300 = 300 ri 100 
= = £ 
о 
8 È ° 
a$ 200 200 = so 
100 -—— 0 
we Su o 40 во -40 0.40 80 
та [°C] та [°c] 
IDDO1 У% Уро IDDO1 vs. Та !ppoi У5- tcycle 
CE = ову Vpp = 5.5V Vpp = 5.5V 
OE = 0.8V cee 0.8v cee 0.8У 
6 Та= 25°С 6 ОЕ = 0.8V 6 OE = 0.8V 
EE" teycie = 105 < 5 1сус!е = 10 = 5 Та = 25 С 
E š Е 
Е 4 5 d = 4 
i s Ж СЕ 5 
5 8 3 8 3 
в 2 P= 2 = 2 
1 1 
о 
3 4 5 6 7 U AO o зо 80 0 1 2 3 4 
Vpp ÍV] Ta [°C] Tcycle lus] 
Іроо> vs. Уро 'ppo2 vs. Ta IDDO2 V*- teycle 
СЕ -02v Vpp = 5.5У Vpp = 5.5V 
ОЕ = 02у з СЕ?о2у СЕ? озу 
Ta= 25°C ОЕ = 0.2v OE = 0.2v 
a teycie = 14s x Teycle = THs _ Ta=25°C 
< £ < 
Е 2 FE, £ 
с Š “ 
Ë Š 5 
в 
81 2 E 


-40 


o 40 


Ta [°C]! 


во 
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t 


cycle lus] 


Ipps2 [nA] 


IDDs1 vs. Vin (CE) 


TOSHIBA 


15052 vs. Vin (CE) 


50 
Vpp = 5:5V 30 
Other Input = 0.8~2.2V 
Ta-25'C 
500 = 
=> 5 10 
< 400 £ 
= D 5 
Б зоо а 
a 
[а] ° 3 
B 200 
100 
1 
9 20 3.0 4.0 
Vin(GE) [V] 
2.5 Мін, Ун vs. Ta 
= Мін Vpp = 5.5V ae 
> 
E m Уш Уро = 45V _ 
Е Қ < 
š — m : 
i т 
= Ws MIS Š 


Ipps2 vs. Ta 


Vpp = 5.5У 
cee 5.3V 


100 


10 


-40 0 40 80 


2.5 Vin: Vir vs. VoD 
Vpp = 5.5V та = 25°С 
Other Input = 0.8~2.2V 
Ta = 25°C 
ее = 20 ViH 
де MIS 
a 
> 
= "L5 
= 
> 
1.0 
Р 2. 
40 50 6.0 4 5 6 7 
Vin (СЕ) [V] Урр [V] 
lon vs. V 
OH OH Jai viver. 
Yop = 2.5% 15 Vpp = 4.5V 
Ta= 25°C TPP 25" C 
< 
E 10 
a 
2 
5 
0 
20 30 40 0 04 08 12 
Уон [V] VoL [v] 
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TOSHIBA PAPER TAPE FORMAT 


Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are avail- 


able. 


A. Format 1 (when a check sum per word is used) 


NULL 
Tcs332P-O000 / 
'MSB-D,' / 
N8; 7 
ROO; Х7ЕР7;....; X07P3; Z 
ROOOS; X38P3; ....; ХЕБР5; Z 
R 0016; X10P1; ....; X6BP5; / 
R4080; X4DP4;.... ; X8BP5; Z 
R4088; X2CP3; .... ; XA4P3;/ 
(cS tha 
$4 
NULL 


Preceding the first data field and following the last data field there must be 
a leader/trailer length of a least 50 null characters. 


Contents іп a single quotation mark (,..... ,) signify a comment and 
L1 00D indicates a four-digit user pattern number. 


2 indicates carriage return and line feed. 


Specify the most significant bit (MSB) of the device outputs (D; or Do) 
М8 indicates that the mask pattern is an 8-bit pattern. 


Semicolon ( ; ) signifies a punctuation of data. 


R signifies an address. Enter the address with the four decimal digits every 
8-words after the character R. 


X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the charac- 
ter X. 


P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 


* Data Modification 

Modifying single and continuous word data can be carried out by specify- 
ing the modifying addresses and inputting the data following the above 
procedure before the end symbol. 

Modification can be allowed from 0 to 4095 addresses. 


Specify the active logic of chip enable CE/CE (18PIN) in the parentheses. 
Enter CS = 1 and CS = 0 when active logic of chip enable is at high and low 
levels, respectively. 

An example is shown in the left figure. NS 

In this example the device is selected under the condition that CE/CE is 
at high level. 


$ signifies the End symbol. 


--210-- 


TOSHIBA 


B. Format 2 (When a check sum per word is not used) 


NULL 


'MSB = D; ) 


N8; } 


R OD 16; Х108С е 


R 0032; X2DBA... 


R4064; X1EC5 .... 
R4080; X4DA6 .... 
(CS =1)) 

$/ 


T¢5322P-0000 / 


ROOOO; X7F5A .... 39Е5; Z 


B241; J 


‚ 36С7; / 


31DE; J 
1ВА4; / 


рое 


А signifies ап address. 
Enter the address with the four decimal digits every sixteen words after the 
character R. 


X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 


Otherwise specified in Format 1. 


In addition, Toshiba can also accept programming and masking information for TC5332P in the form of punched 
paper tape with Intel BNPF format or master devices (EPROMs). 


= [х= 


TOSHIBA 


OUTLINE DRAWINGS 


24 23 22 21201918 17161514 13 


23456 7 8 9 101112 


32.4 MAX. 


2.54%0.25 


= 17.4 MAX 


ез 


Note: Each lead pitch is 2.54 mm. All leads аге located within 0.25 mm of their true longitudinal position with respect to Мо. 1 and Мо. 24 leads. 
All dimensions are in millimeters, 


Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 
© Spt. 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4,096 WORD X 8 BIT CMOS MASK ROM 


SILICON GATE CMOS 


TC5333P 


DESCRIPTION 


The TC5333P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. T3 

The TC5333P has a chip enable input (CE) for 
device selection and a output enable input (OE) 
for fast memory access and output control. And the 
TC5333Puses the address latch system that the falling 
edge of CE latches all inputs except for OE, thus 
can be connected to a system where address and data 
buses are commonly used. The maximum access 


FEATURES 


e Access Time: 450 ns 
e Low Power Dissipation 
Ippo = 7mA (Мах.): Operating 
Ірге = 204A (Мах.) : Standby 
e All Inputs and Outputs: TTL Compatible 
e Three State Outputs 


PIN CONNECTION (TOP VIEW) 


[ Ao — А; Address Inputs 
Do ~ Dy Data Outputs | I 
СЕ | Chip Enable Input 
OE | Output Enable Input 
Мр Power (+5V) 


_ GND | Ground _ 


time from chip enable is 450 ns. 

The TC5333P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equi- 
valent. The TC5333P’s maximum operating and 
standby current is 7 mA and 20 uA, respectively. 
Thus the TC5333P is most suitable for use in low 
power applications such as battery operated system. 

The TC5333P is moulded in a 24 pin standard 
plastic package. 


e Two Control Functions CE,OE 
e Address Latches: CE 


e Output Control: OE 
e Pin Compatible with TMM2332P and TMM2732D 
e Standard 24 pin Plastic Package 


BLOCK DIAGRAM 


VDD GND 
T Y 


0001020304050 D7 
к= ) ° 090000 
= Output Buffers 


Sense Amp. 


Column Decoder 


Memory Cell Array 
(256 x 128) 


Row Decoder 


TOSHIBA 


ABSOLUTE MAXIMUM RATINGS 

7 SYMBOL ITEM L RATING 
Мр Power Supply Voltage | —0.3V — 7.0V 
VIN Input Voltage —0.3V ~ 7.0V 
Vour Output Voltage OV ~ Мр 
Pp Power Dissipation (Ta = 85°C) [Ж 
TstG Storage Temperature —55°C ~ 150°C 
Torr Operating Temperature -40°C~85°C — — 
TsoLDER Soldering Temperature - Time Б 260°C . 10 sec 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = —40°C ~ 85°C) 


SYMBOL PARAMETER MIN. ТҮР. 
Ур Power Supply Voltage 45 | 50 
Мін Input High Voltage i 2.2 _ 
Vit Input Low Voltage —0.3 _ 


D.C. CHARACTERISTICS (Ta = —40°C — 85°C, Vpp = 5V +10%) 


SYMBOL PARAMETER CONDITIONS ` MIN TYP 
NL Input Load Current os Vin S Vop га 
о Output Leakage Current СЕ = Vin. OV < Vout < Мор = e 
Іон Output High Current Мон = 2.4V —1.0 —4.0 
lo. Output Low Current Vor = 04V 2.0 40 
СЕ =2.2V 
10051 other E = Мн or Vir Е 20 
Standby Supply Current сш 
m CE = Vpp -0.2V I "m 
other inputs = 0.2V or Мор —0.2V 
орот b AL " = 6.0 
Operating Supply Vin = Vin Ми, lout = OMA 
— Current CE - OV, teye = 105, S 40 
2 Vin = Vpp/GND, lout = OMA 
Note: Typical values are at Ta = 25°C, Vpp = 5V 
CAPACITANCE (Ta = 25°C, f = 1 MHz) 
SYMBOL PARAMETER MIN. TYP 
Cin Input Capacitance I - | B 
Cour | Output Capacitance - | 5 


Note; This parameter is periodically sampled and is not 100% tested 


= Te 


MAX 
5.5 


' Vpp*0.3 | 


0.8 


10.0 


UNIT 
v 
V 
у 


тА 


тА 


UNIT 
pF 
pF 


A.C. CHARACTERISTICS (Та = —40 ~ 85°C Vpp = БУ + 10%) 


SYMBOL PARAMETER 
tacc | Chip Enable Access Time 
toe | Output Enable Access Time 
ij tas ` Address Setup Time 
TAH Address Hold Time 
| tec | CE OFF time 
1СЕН Chip Enable Hold Time 
| top| 1 Output Desable Time 
tcvc Cycle Time 


A.C. TEST CONDITIONS 


Output Load 100pF + 1TTL Gate 


Input Pulse Levels 0.6V,2.4V 
Timing Measurement Reference Levels 


Input :0.8V and 22V 
Output : 0.8V and 2.2V 


Input Pulse Rise and Fall Times 10 ns 


TIMING WAVEFORMS 


Ao ~ A11 Address Stable 


СЕ 


“о 


Do ~ 07 


Address May Change 


Pe 
OPERATION MODE 
MODE ce | OF ADDRESS | OUTPUTS ` 
Read t t. » Data out 
| Standby H ы * E High Z 
Address 4 Ë 
ж Valid High Z 
| Latch | м | 


* : Don't care. 


то 


WM 


TOSHIBA PAPER TAPE FORMAT 


Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 


A. Format 1 (when a check sum per word is used) 


NULL 


'TC5333P-0000' J 


‘MSB = D7" J 


М8; Z 


ROOOO;X7EP7;. .. . 


ROOOS; X38P3 
ROO16;X10P1; . 


R4080;X4DP4; . 
R4088;X2CP3; . . 


;Xo7P3; J 
;XE5P5; / 
;ХӨВР5; / 


.;XB5P5; / 
. . ;XA4P3; / 


Preceding the first data field and follwing the last data field there 
must be a leader/trailer length of at least 50 null characters. 
Contents in a single quotation mark ('..... “) signify a comment 
and OOOO indicates a four-digit user pattern number. 

Z indicates carriage return and line feed. 
Specify the most significant bit (MSB) of the device outputs (D7 or Do) 
N8 indicates that the mask pattern is an 8-bit pattern. 
Semicolon (;) signifies a punctuation of data. 
R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 
X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the 
character X. 
P. signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 


* Data Modification 

Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting data following the 
above procedure before the end symbol. 

Modification can be allowed from 0 to 4095 addresses. 


$ signifies the End symbol. 


шы gG 


B. Format 2 (when a check sum per word fis not used) 


NULL 


'TC5333P-0000' / 
‘MSB = D7’ J 


N8; / 
ROOOO;X7F5A ....30E5; J 
ROD16:X108C B241; / R signifies an address. 
Enter the address with the four decimal digits every sixteen words 
after the character R. 
X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1. 


R0032;X2DBA 36C7; 


R4064;X1EC5 
R4080;X4DA6 


In addition, Toshiba can also accept programming and masking information for ТС5ЗЗЗР in the form of 
punched paper tape with Intel ВМРЕ format or master devices (EPROMs). 


= 2h = 


TOSHIBA 


OUTLINE DRAWINGS 


14.2 MAX, 


- 


Ls 32.4 MAX. 15.24 TYP. 


LÀ | 
p (е 0.25 4 0.05 | 
17.4 MAX. 


Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
АП dimensions are in millimeters. 


2.54 + 0.25 


3.2 MIN. 


Note: Toshiba does not assume any responsibility for use of any circuity described, no circuit patent licenses are implied and Toshiba reserve the right 
at any time without notice, to change said circuitry. 
> Mar., 1982 Toshiba corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4,096 WORD x 8 BIT CMOS MASK ROM 


SILICON GATE CMOS 


DESCRIPTION 

The TC5334P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5334P has two programmable chip enable 
inputs (CE 1/СЕ and СЕ2/СЕ2) for device selection, 
The maximum access times from address and chip 
enable are both 450 ns. 

The TC5334P is pin compatible with the industry 


FEATURES 

e Access Time: 450 ns 

e Low Power Dissipation 
Ippo =7 mA (Мах.) 
Ipps = 204A (Мах.) 

e All Inputs and Outputs 

e Three State Outputs 


Operating 
Standby 
TTL Compatible 


PIN CONNECTION (TOP VIEW) 


Ат 1 vpp 
Ae 2 Ag 
As 3 Ag 
A4 4 CE 2/CE2 
A3 5 СЕ |/СЕ| 
A2 6 A10 
Al 7 A11 
Ao 8 D7 
Do 9 De 
Di 5 
D2 D4 
GND D3 
PIN NAMES 
Ao — Аі Address Inputs 
Do — D; Data Outputs 
CE бы Chip Enable | 
==, ip Enable Inputs 
CE; /CE; 
Voo Power (+5V) 
GND Ground 


СЕ. —Àc,sN— = =) Output Buffers 
' T 
СЕ СЕ 
- ШР | 
Ag 0——] 
Aro СЕ EM Sense Amp. 
bro 
5 
A30— - м — Column Decoder 
г 
Ас- 2 
ae 1 
А5 Г 9 
H 
Ago——] 2 
6 5 M 
Ат0— < 3 
7 5 Memory Cell Array 
Аво— á (256 x 128) 
ләс—— š 
с 
Аю - 
All 1 


TC5334P 


produced NMOS ROM TMM333P, yet offers a more 
than 90% reduction in power of their NMOS equiv- 
alent The TC5334P's maximum operating and 
standby current is 7mA and 204A, respectively. Thus 
the TC5334P is most suitable for use in low power 
applications such as battery operated system. 

The TC5334P is molded in a 24 pin standard 
plastic package. 


e Fully Static Operation 

e Two Programmable Chip Enables 
CE4/CE1, GE2/CE2 

e Pin Compatible with TMM333P 


e Standard 24 pin Plastic Package 
BLOCK DIAGRAM 
VDD GND 


' ! 
000102030405 De D7 


cE, e 4 FITTTTT 


| n 


SYMBOL = ITEM | RATING 
Мор E TI Power Supply Voltage —0.3V ~7.0V 
ViN Input Voltage —0.3V ~ 7.0V 
Vout | Output Voltage OV ~ Ур 
ШЫ. м 4 £ T es 
Pp 1 Power Dissipation (Ta = 85°C) 0.8W 
TsrG Storage Temperature | —55°C ~ 150°C 
E — ——— = = = = 8. 
TOPR | Operating Temperature —40°C ~ 85°C 
TsoLDER T Soldering Temperature - Time i |»... 260°C.10 sec 
[ SYMBOL [ PARAMETER | мм | тү. | MAX | UNIT 
Мр Power Supply Voltage | 45 | 50 ББ у | 
| мн Input High Voltage dj 22 | = | wos] v | 
| ViL |. Input Low Voltage | еб | = І 08 | V | 
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT | 
hie | Input Load Current _ | OS Vin S Ур i ШЕ = | +10 uA | 
lto Output Leakage Current | CE = Vi (CE = Мн), OV € Vout S Vpp |" di 350 | uA | 
| log Output High Current T Мон = 24V -1.0 -40 - тА 
| lot Output Low Current | Vo, =0.4V 2.0 40 - тА 
| CE, =0.8V or CE; =0.8V | | | 
I == == _ Ц А 
BN (CE, = 2.2V or CE, = 22V) kusi Nace as 
í Standby Supply Current —— » + — — —Ó 
CE, =0.2V or CE, =0.2V 
Ipps2 ы =s 0.05 20 HA 
| | ___ | СЕ, = Мор -02У огСЕ, -Vpp -02V) р č 
CE, = CE, = Мн 
| Іррот (СЕ, = CE, = М) teyc = 105 - 6.0 10.0 mA 
L Operating Supply Vin = VIH/VIL lout = OMA 
Current CE, = CE; = Vpp 
Ippo2 (CE, = СЕ, = ОУ) tcvc = 105 _ 40 7.0 mA 
L Vin = Vpp/GND lout = OMA | 
Note: Typical values are at Ta = 25°C, Vpp = 5V. 
[ symsor J PARAMETER | MIN. | TYP. | MAX. UNIT 
| CiN Input Capacitance iS 5 10 pF 
|. Cour Output Capacitance Е 1 an BN 5 Д 10 n pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Та = —40 ~ 85°C, Vpp = 5V +10%) 


— 


[ X SsvMBOL “| PARAMTER MIN. | TYP. | MAX | UNIT. 
tacc Address Access Time - - 450 ns 
| 1СЕ Chip Enable Access Time _ _ 450 ns 
top Out put Desable Time - - 100 | ns 
[ teyc | Cycle Time | 450 | - | - | ns 
A.C. TEST CONDITIONS 
* Output Load : 100pF + 1TTL Gate 
* Input Pulse Levels :0.6V,2.4V 
* Timing Measurement Reference Levels 
Input : 0.8V and 2.2V 
Output: 0.8V and 2.2V 
Input Pulse Rise and Fall Times : 10 ns 
TIMING WAVEFORMS 
B tere a 
OPERATION MODE 
| MODE [CE,(CE,) CE,(CE;) ADDRESS | OUTPUTS | 
Read H(L) H(L) _ Valid ^ Dataout | 
L(H) жөн = High Z 
| Standby + + t + 
кылы ЕГ цн) * HghZ - 
* : Don't care 
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TOSHIBA PAPER TAPE FORMAT 


Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 


A. Format 1 (when a check sum per word is used) 


NULL 


'тС5334Р-0000 / 
“MSB = D7' J 
мв; J 
RDDIDO;X7FP7; ....;X07P3; / 


ROOOS;x39P3; ....;XEBP5; / 
RCID16;X10P1; .....;Х6ВР5; 


R4080;X4DP4; .... ХВ5Р5; / 
R4088;X2CP3;.... . . ;XA4P3; / 
(CS, = 1) J 
(CS, - 0) / 


ЕЖ 


Preceding the first data field and following the last data field there 
must be a leader/trailer length of at least 50 null characters. 
Contents in a single quotation mark ('..... ') signify a comment 
and OOOO indicates a four-digit user pattern number 

_/ indicates carriage return and line feed. 
Specify the most significant bit (MSB) of the device outputs (D7 or Dg) 
МВ indicates that the mask pattern is an 8-bit pattern. 
Semicolon(;) signifies a punctuation of data. 
R signifies an address. Enter the address with the four decimal digits 
every B-words after the character R. 
X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the 
character X. 
P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 


* Data Modification 

Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting data following the 
above procedure before the end symbol. 

Modification can be allowed from 0 to 4095 addresses. 


Specify the active logic of chip enables CE 4/CE4 (20 PIN) апа СЕ2/ 
CE2 (21 PIN) in the parentheses respectively. B 

Enter CS1 = 1 or CS1 = 0 when active logic of CE4/CE4 is at high 
or low levels, respectively. E 

Enter CS2 = 1 or CS2 = 0 when active logic of CE2/CE2 is at high 
or low levels, respectively. 

An example is shown in the left figure. == 
In this example, the device is selected under the condition that CE 1/ 
CE, and CE2/CE2 are at high and low levels, respectively. 


$ signifies the End symbol. 


—2282— 


B. Format 2 (when a check sum per word is not used) 


NULL 


'TC5334P-0000 J 
‘MSB = D7’ J 


N8; / 
ROOOO;xX7F5A .... : R signifies an address. 
ROO16:x108C Enter the address with the four decimal digits every sixteen words 
after the character R. 
RELISZ:X2DBA . . . š X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1 


R4064;X1EC5 31DE: J 
R4080;X4DA6 1BA4: / 
(cs, = 1) J 
(CS; =0) J 


$/ 


NULL 


In additon, Toshiba can also accept programming and masking information for TC5334P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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TOSHIBA 


OUTLINE DRAWINGS 


24 23 22 2120 19 18 17 16 15 14 13 


4 


14.2 МАХ. 


15.24 ТҮР. 


0.25 + 0.05 
2.54 + 0.25 


17.4 MAX. 


Note: Each lead pitch is 2.54 mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 leads 


All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuity described, no circuit patent licenses are implied and Toshiba reserve the right 
at any time without notice, to change said circuitry. 
©Mar., 1982 Toshiba corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4,096 WORD x 8 BIT CMOS MASK ROM 


SILICON GATE CMOS 


DESCRIPTION 

The TC5335P is а 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5335P has a chip enable input (CE) for 
device selection and a output enable input (OE) for 
fast memory access and output control. And the 
TC5335P uses the address latch system that the 
falling edge of CE latches all inputs except for 
OE, thus can be connected to a system where address 
and data buses are commonly used. The maximum 


FEATURES 


€ Access Time: 450 ns 
ө Low Power Dissipation 
Ippo = 7 mA (Max.) : Operating 
Ipps = 20нА (Max.) : Standby 
e All Inputs and Outputs: TTL Compatible 
ө Three state outputs 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 
E? — А | Address Inputs | E 
| .Do — Шу _ | Data Outputs | 
CE Chip Enable Input 
f OE | Output Enable Input 
Vpp | Power(45V) —— 
[ GND | Ground 


TC5335P 


access time from chip enable is 450 ns. The TC 
5335P is pincompatible with the industry produced 
NMOS ROM TMM333P, yet offers a more than 90% 
reduction in power of their NMOS equivalent. The 
TMM5335P’s maximum operating and standby current 
is 7 mA and 20 pA, respectively. Thus the TC5335P 
is most suitable for use in low power applications 
such as battery operated system. 

The TC5335P is moulded in a 24 pin standard 
Plastic package. 


e Two Control Functions: CE, OE 
e Address Latches: CE 

e Output Control: OE 

e Pin Compatible with TMM333P 


e Standard 24 pin Plastic Package 


BLOCK DIAGRAM 


9 


СЕ — — CE 
СЕ 
Ag ——] 
A CE——] Sense Amp. 
1 
м қ в ae е, 
Аз 3 - Colum Decoder 
a 
А40—| wm 
| 
As — š 
A6 $ 
A 2 E 
1 и 
А H 7 g | 128 Memory Cell Array 
$[ a (256 x 128) 
Ag < i 
c 
A10 
А11 
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[SYMBOL ITEM 


= RATING | 
12 VoD Power Supply Voltage —0.3V ~ 7.0V 
22 Мм Input Voltage —0.3V ~7.0V 
Vout Output Voltage OV ~ Vpp ] 
=a Е Power Dissipation (Та = 85°C) 0.8W | 
| Tere | Storage Temperature I —55°C — 150°C 2 
Torr Operating Temperature —40*C ~ 85°C 
TsoLDER | 7 Soldering Temperature - Time 260°C . 10 sec 1 
== ana = T 
SYMBOL L PARAMETER [| MIN. TYP. | МАХ UNIT | 
| Уш |. Power Supply Voltage | a45 50 55 x | 
Мн Input High Voltage 5291 2.2 = Vpp+0.3 У | 
Vit , Input Low Voltage | -03 - | 08 | (2 ~] 
PARAMETER — CONDITIONS u MIN TYP. | MAX. UNIT ] 
Input Load Current os Vin < Уор - =}. 210 BA | 
Output Leakage Current | СЕ = Мн, OV < Vout < Vpp - - +5.0 BA | 
Output High Current Vou = 2.4V -1.0 -40 - тА 
Output Low Current VoL =0.4V | sus 20 40 = mA | 
Ippsi oci og - 20 5.0 mA | 
other inputs = Мн or ViL | 
F * Standby Supply Current —— = = 
Бей СЕ = Vpp -02У А Б ж тн 
L | „other inputs 7 0.2V or Vpp —0.2\/ D d = 
ЕЛІ | ere ae islas 2 60 | 109 | mA 
[ Wu _ Operating Supply | Vin = Vin/Vic. lout = ОтА | L 
Current CE = OV, tc = 1 us. | 
(орог | | Vin = Ve бын, lout = OMA SUA Шы ыма hu 
Note: Typical values are at Ta = 25°C, Vpp = 5V Е 
SYMBOL PARAMETER — MIN. TYP. | MAX. | UNIT 
[ Cin Input Capacitance m 5 | 10 рЕ 
Г Cour Output Capacitance E I = 5 10 | pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = —40 ~ 85°C, Vpp = 5V +10%) 


~ SYMBOL | РАНАМЕТЕВ ^^ | MN. | ТҮР T MAX | UNIT ` 

ШЕТТЕ | Chip Enable Access Time si gaz wapi E о | в 
| toe ~ Qutput Enable Access Time I X Ene o зале ет ] n 
tas | Address Setup Time 30 | _ = | ns 
tAH ` Address Hold Time қ L Wu | = | = = 
tec | CE OFF time Ë = | Ж | = | = | m 
ШЕСІ ! Chip Enable Hold Time [4 | - | - | 
me | Output Desable Time | = - [| 10 | m 
сүс T Cycle Time | 540 | = = ІШЕ 


А.С. TEST CONDITIONS 


* Output Load : 100pF + 1TTL Gate 
* Input Pulse Levels : 0.6V, 2.4V 
Timing Measurement Reference Levels 
Input :0.8V and 2.2V 
Output : 0.8V and 2.2V 
* |nput Pulse Rise and Fall Times 10 ns 


TIMING WAVEFORMS 


Ao A11 


Address Stable |) Address May Change 
tas TAH 


te tCEH 
ОЕ 
Do ~D7 
teye 
Ге =] 
OPERATION MODE 
MODE | СЕ | ОЕ | ADDRESS | OUTPUTS | 
Read |] E. 15] = _ | Dataout | 
Standby H ы * High Z 
Address = 5 | MS ч; ізі quee 
[ыша P Ae. pomo А. | 


* : Don't care. 
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TOSHIBA PAPER TAPE FORMAT 


Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 


A. Format 1 (when a check sum per word is used) 


Preceding the first data field and following the last data field there 
must be a leader /trailer length of at least 50 null characters. 
NULL Contents іп a single quotation mark (^... .. °) signify a comment 
and 0000 indicates a four-digit user pattern number. 
"TC5335P-0000' / -” indicates carriage return and line feed. | 
Specify the most significant bit (MSB) of the device outputs (D. or 
'MSB = D7' J бы) 
N8 indicates that the mask pattern is ап 8-bit pattern. 
Semicolon (;) signifies a punctuation of data. 
R signifies an address. Enter the address with the four decimal digits 
RCICIDS;X38P3; XEBP5; / every B-words after the character R. 
ROO16;X10P1; . . . ;X6BP5; / X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the 
character X. 
P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 


NB; / 
ROO; x7FP7; ;X07P3; _/ 


* Data Modification 

Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting the data following 
the above procedure before the end symbol. 

Modification can be allowed from 0 to 4095 addresses. 


R4080:X4DP4; ... . :XB5P5; / 
R408B;X2CP3;..... . ;XA4P3; „/ 


$ signifies the End symbol. 
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B. Format 2 (when a check sum per word is not used) 


NULL 


'TC5335P-0000' / 


‘MSB = D7’ J 
NB; J 

ROOOO;X7F5A .... 
ROO16;x108C — 

а R signifies an address. 
RCICI32;X2DBA : Enter the address with the four decimal digits every sixteen words 
after the character R. 
X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1. 


R4064;X1EC5 
R4080;X4DA6 . 


In addition, Toshiba can also accept programming and masking information for TC5335P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 


Ss es 


OUTLINE DRAWINGS 


24 23 22 21 20 19 18 17 16 15 14 13 


14.2 MAX. 


4 2 d « Жу 7 B 9 *0 1119 


15.24 T YP. 


0.25 + 0.05 
2.54 * 0.25 


0.5 +0.15 17.4 MAX. 


3.2 MIN. 


Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters, 


Note: Toshiba does not assume any responsibility for use of any circuity described. no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 


© Mar., 1982 Toshiba corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TC5364P 64K BIT (8K WORD x 8 BIT) CMOS MASK ROM 


SILICON GATE CMOS 


DESCRIPTION 


The TC5364P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC5364P using CMOS technology is most suitable for 
low power applications such as battery operated 
system. 

The TC5364P is asynchronous type ROM which is 


consisting of address latch circuit, static memory 


FEATURES 


e Single Power Supply: 5V 
€ Access Time: 250 ns 
e@ Low Power Dissipation 
Operating Current: 7mA (Max.) 
Standby Current: 20u А (Max.) 
e Wide Operating Temperature Range: —40 — 85°C 
e Pin Compatible with 64K EPROM TMM2764 and 
NMOS ROM TMM2364/2365 


PIN CONNECTION 
NC/PD/PD Q 1 28 D Уро 
AnQ2 27 D NC/CE;/CE | 
А70 з 26 Амс/се;/СЕ; 
А60 4 250 As 
А50 5 - 24D А» 
АзО 7 5 ОЕ 
4.08 Š 21D ^10 
АІ Ц9 E СЕЗ/СЕ 3 
Aon 10 D7 
боП 1 06 
01012 Ds 
D02: Q13 D4 
GNp[]14 D3 
PIN NAMES 
Ao ~ Аг Address inputs 
m Do ~ D; Data outputs 
CE, ~CE, Chip enable inputs | 
Pp Power down input 
OE Output enable input 
NC No connection 
Мор AN Power Supply - 
-—' - = а 
GND Ground E. 


TC5364P 


PRELIMINARY 


cells and clocked peripheral circuitry. The falling 


edge of CE3 (or rising edge of CEs) latches all inputs 
except for OE and PD/PD. 

The TC5364P has a PD/PD (optional) input for 
device power saving, and also has three programma ble 
chip enable inputs (CE1 ~ 3/CE1 ~ з) and one output 
enable input (OE) for fast memory access and output 
control. 

The TC5364P is moulded in a 28 pin standard 
plastic package. 


e Edge Enable Operation: CE3/CE з 

e Address Latch Type 

e Programmable Power Saving Input PD/PD/NC 

* Programmable Chip Select: CE1, CE2, СЕз, Easy 
Memory Expansion 

e All Inputs and Outputs: TTL Compatible 

e Three State Outputs 


BLOCK DIAGRAM 
Vpp GND 
ЕБ 9-4» ш 
m 
š 
x 
СЕ o— Zuo 
са< бо Di D2 Оз D4 Ds © 2 
oz. Q 
сЕ:6 oS ? 1 ] 1T 
c 
= a 
CE, c— 
2 THO OUTPUT BUFFERS 
E o— 
Аоо- 
Aico COLUMN DECODERS 
[^] 
Азо- с 
A30— u 
u 
Aa o— =] 
о 
Aso— Ë 
Е > 
6 o— £ o 
z ш 
Roe z 
8 г š 
Ago ш 
9 8,192 x B bit 
A c ; 
deam а 8 Memory Cell Array 
A100 а a 
A z 
п о- o 
с 


MAXIMUM RATINGS 
[- svMBOL | | ITEM B T RATING || UNIT — 
Voo | я. | ~ Power Supply Voltage | —0.5 — 7.0 1 = М 
Мм Input Voltage —0.5 ~ 7.0 V 
| — Vout Output Voltage 0 ~ Мр I 7 
Pp Power Dissipation 1.0 w ү 
Торг Operating Тетрегатиге —40 ~ 85 % 
|. Tes | . Storage Temperature "ham | -55~ 150 | "EL 
TsoLbR 1. Soldering Temperature . Time | 260 - 10 | i „sec _ 
D.C. OPERATING CONDITIONS (Та = —40 ~ 85°C) 
SYMBOL ] PARAMETER | MN. | MAX | UNIT 
Мор Power Supply Voltage 45 55 V | 
—— = ГЕ ——3 


Мн | Input High Voltage | 2.2 | Vpp*03 | qu 
ViL | Input Low Voltage | -0.3 | 0.8 l у zil 


D.C. and OPERATING CHARACTERISTICS (Ta = —40 ~ 85°C, Vpp = 5V + 10%) 


SYMBOL | PARAMETER I 2 CONDITION | MN. | MAX — [ UNIT ] 
lin | Input Leakage Current Д ov < Vin < Уор А N eL +1.0 BA | 
һо Output Leakage Current | ov < Vout s Мр | _ | +50 | HA | 

| Тен | Output High Current | Vou = 24V | -10 = mA 
| loL ШИ Output Low Current | VoL = 0.4V | 2.0 íi _ mA 
| | | (CE, Vin) = 22V | | | | 
Ippo1 (CE, Vit) = 0.8V = 10 mA 
š 1сүс = lus 
F Operating Current ТҮСЕ. Vin) = New —02V — T T —— | 
Ippo2 (CE, Vi.) = 02V = 7 mA 
tcvc 7 lus 
m | (CE, Мн) = 22V. CE = 0.8V j 
| 10051 (СЕ, V.) = 0.8У СЕ =2.2V = 5 mA 


Output = OPEN 
Standby Current ге — 
| (CE) =0.2V, (CE) = Vpp —0.2V 


lpps2 | Vin = 0.2V or Vpop —0.2V = 20 ША 
L | | Output = OPEN | | J (ЖЕ жете ВЕЕР. 
CAPACITANCE* (Та = 25°С, f = 1MHz) 
[_ѕүмвог | PARAMETER [ CONDITIONS | MAX h UNIT 
Cin Input Capacitance Vin = OV | 8 adi pF 
"Cour | Output Capacitance | Vout = OV | 10 p |] 


*This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Та = 40 ~ 85°C, Vpp = 5V + 10%) 


[SYMBOL - PARAMETER 
tacc " | Chip Enable Access Time | 
toe Output Enable Access Time 
tas Address Set up Time 

[| tas Address Hold Time 

| tec | Chip Enable Off Time 

| tes | Chip Enable Setup Time from PD 

| toEeD | Output Disable Time from OE 
tcED Output Disable Time from CE 
tPOH Output Hold Time from PD 
teve | Cycle Time 


Note 1: Assumes than OE delay time to CE3/CE3 > 


= {АСС — toe 


A.C. TEST CONDITIONS 


e Output Load 
e Input Levels: 


Input: 
Output 


e Input Rise and Fall Time: 


100pF + 1 TTL Gate 
Vit = 0.6V, Мн = 2.4V 
e Timing Measurement Rference Levels 


0.8V, 2.2V 
0.8V, 2.2V 
5ns 


TIMING WAVE FORMS 


Ao ~An 
СЕ|, CE 


Do ~D7 


PD/PD 


OPERATION MODE 
~ Mowe [| PD(PD) | СЕ, (СЕ,) 
Read L(H) H(L) 
| HO = 
» L(H) 
Output [^ = | "ч 
Deselect = T = 
Note: H: VIH, L: Vil, *: Vig or Vip - 


= MIN. 


| ^ MAX. | | UNIT | 
250 ns | 
| 100 "ms | 
i _ ns 
= = = ain ns E 
-- ns 771 
| _ к ns 
90 ns 
| 9 | ns | 
| 90 l.—m | 
= ыр NUM 


er С ЕА 


СЕ, (СЕ,) 


H(L) 
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ү? 


M 


CE; (CEs) 
H f (L?) 


Outputs 
Valid 


High-Z 


TOSHIBA 


OUTLINE DRAWING 


Unit: mm 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 


14.2 MAX. 


q 2 34 Б 6 T 8 9 10 11 12 13 14 


37.4 MAX | x 
= — > 

o 

в 


š 010000) 
| ГІТ 


— РА 
0.5 £0.15 4 
Mp cc RO = 
2.54 + 0.25 - 1.4 £045 E 
° 


Note: Each lead pitch is 2.54 mm. 
All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 


Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied. and Toshiba reserves 
the right, at any time without notice, to change said circuitry 
© Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TC5365P 64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 


SILICON GATE CMOS 


DESCRIPTION 


The TC5365P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
for microprocessor and character generator. 

The TC5365P using CMOS technology is most 
suitable for low power applications such as battery 
Operated system 


FEATURES 


e Single Power Supply: 5V 
e Low Power Dissipation 
Operating Current: 7mA (Max.) 
Standby Current 20рА (Max.) 
e Compatible with 64K EPROM TMM2764 and 
64K NMOS ROM TMM2365P. 


PIN CONNECTION 

NC[] 1 Yoo 

An 2 NC/CE,/CE, 
А” Оз NC/CE>/CE 3 
Ав 4 As 

Ass Ag 

Aa 6 An 

Аз 7 22 0E 

42.08 21 Ato 

9 


20] сеҙ/СЕ; 


(TOP VIEW) 


Ao 19D о; 
Do 18 D6 
D; 17D Ds 
D2 16D D4 


GND[]14 150 D3 


РІМ МАМЕЅ 

Ao ~ Аз Address inputs 
Do = D; Data outputs 
CE, ~ СЕ, Chip enable inputs 
OE Output enable inputs 
NC No connection 

| Мор Power Supply 
GND | Ground 


TC5365P 


The TC5365P is an asynchronous type ROM 
which has three programmable chip enable inputs 
(CE1 ~ СЕз/СЕ! ~ CE3), and one output enable 
input (OE) for fast memory access and output control. 

The TC5365P is moulded in a 28 pin standard 
plastic package. 


Fully Static Operation 

e Programmable chip select 
Easy Memory Expansion 

All Inputs and Outputs: TTL-Compatible 

e Three State Outputs 


GE, GEZ; CEs 


BLOCK DIAGRAM 
Уро GND 
i ] Do Di D2 D3 D4 Ds D6 Diy 


1 ? pm 


OUTPUT BUFFERS 


COLUMN DECODERS 


v 
Аз т 
E u 
Аз u 
ш 
2 
Aa 2 
As H 
э 
A6 a 
z 
Аб 2 
2 
Ав Ш 8,192 x 8 bits 
А9 б Memory Cell Array 
o 
< 


ROW DECORDERS 


=з = 


MAXIMUM RATINGS 


... SYMBOL ITEM | RATING | UNIT 
L Voo Power Supply Voltage T —0.5~7.0 V 
ET | Input Voltage | —0.5~7.0 | V 
Vout F Output Voltaqe Г 0 — Vpop у 
Г Рр | Power Dissipation | 19 w | 
Topr Operating Temperature | —40 ~ 85 E сы 
| Tstg Storage Temperature D —55 ~ 150 © 
TsoLDER Soldering Temperature - Time | 260.10 | °C. sec | 
= OPERATING CONDITIONS (Ta = —40 ~ 85°C) 
L SYMBOL - 8 PARAMETER MIN | MAX | UNIT 
| Vop Power Supply Voltage a |. 45. 55 I V _| 
Мін Input High Voltage 2.2 Vpp + 0.3 V 
Vit | Input Low Voltage = -03 | 0.8 у 


D.C. and OPERATING CHARACTERISTICS (Ta = —40 ~ 85°C, Vpp = 5V +10%) 
/— SYMBOL PARAMETER = CONDITIONS ^ MN. | MAX UNT | 
= : ЕН) T me iA АЕЦ 
lin | Input Leakage Current OV € Vin < Мр m | +10 А 
— = 1 
ШЕТТЕ Output Leakage Current | OV < Vout S Voo ` zn = 2 %05 ША 
| loH | Output High Current Мон = 24V - ME _ mA 
агч | Output Low Current | VoL = 04V T 20 WE mA 
(CE, Мн) = 2:2V T 
Ippo1 (CE, Vit} = 0.8V | _ 10 mA 
| Operating Current їсүс = 1И% | 
ығы Е (СЕ, Мін) = Vpp —0.2V 
Ірро? | (CE, М) =0.2V _ 7 mA 
Ё = 0) À -teye= las d | EM | 
| (CE, Мн) = 2.2V | | 
Ipps1 (CE, V) = 0.8V - | 2 тА 
ciasdis C i Output = OPEN | 
an urren - — — - = 
id (CE) =0.2V, (GE) = Vop —0.2V | 
Ipps2 | Vin = OV ~ Мор = 20 uA 
Output = OPEN 
САРАСІТАМСЕ” (Ta = 25°C, f = 1MHz) 
"SYMBOL | PARAMETER CONDITIONS | I MAX. | UNIT 
Let š: В = 
Cin Input Capacitance Vin = OV 8 pF 
Соот Output Capacitanc Vout = OV 10 pF 


* This parameter is periodically sampled and is not 100% tested. 


— 290 — 


TOSHIBA 


А.С. CHARACTERISTICS (Та = —40 ~ 85°C, Vpp = 5V +10%) 
SYMBOL | PARAMETER | MIN MAX. UNIT 
tacc Access Time | E _ 250 ns 
tcE | Chip Enable Access Time Г - 1 250 LL ns” 
GE- _ __ | Output Enable Access Time = Ë | = | 100 м | = ns E 
ick Output Disable Time from CE/CE 0 | 90 ns 
| toED | Output Disable Time trom OE | 0 | 90 L ns 
| toH - Е | Output Hold Time | 0 СА ] W | 
| їсүс | Cycle Time | 250 Ew %s 


Note 1: Assumes that OE delay time to CE; ~CE3/CE, ~CE3 Z'tAcc — toe 


A.C. TEST CONDITIONS 


e Output Load: 100 pF +1TTL 
e Input Levels: VIL = 0.6V, Мн = 2.4% 
e Timing Measurement Reference Levels 


Input: 0.8V, 2.2V 
Output: 0.8V, 2.2V 
e Input Rise and Fall time: 5 ns 


TIMING WAVE FORMS 


Ао ~An 


CE; ~ 3/СЕ | ~3 


Do ~ 07 


AAA 
AWAY 


OPERATION MODE 
MODE CE (CEL) || CE. (СЕ) CE, (CEs) OE — “Outputs | 
~ Read BENE т | Hu — HU | L | va | 
ШЕШ) | Rar есі) а = 
N awu Р = ш = | E - High-Z 
Deselect м | Е. L(H) ш 
— * * H 


Note: H: Vip, L: Vii, *: Мін or VIL 
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OUTLINE DRAWING 4 


Unit: mm 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 


1 23 4 5 6 7 8 9 10 11 12 13 14 


0.51 MIN. 


| 0.5 £0.15 z 
= 

2.54 + 0.25 1.4 £0.15 ra 

с 


Note: Each lead pitch is 2.54 mm. 
All leads are located within 0.25mm of their true longitudinal position with respect to No, 1 and No. 28 leads. 


Note Toshiba does nor assume any responsibility for use of any circuitry described. no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry 
© Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TC5366P 64K BIT (8K WORD x 8 BIT) CMOS MASK ROM 


SILICON GATE CMOS 


DESCRIPTION 


The TC5366P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. 

The TC5366P using CMOS technology is most 
suitable for low power applications such as battery 


FEATURES 


e Single Power Supply: 5V 

e Access Time: 250 ns 

e Low Power Dissipation 
Operating Current: 7mA (Max.) 
Standby Current: 20ш A (Max.) 


PIN CONNECTION 


(TOP VIEW) 


1 

2 
3 
4 
5 
6 
7 
8 
9 


PIN NAMES 
Е Ao~ An I “Address inputs E | 
| Do ~ Dz Data outputs b 
CE/CE Chip enable inputs | 
Ie VoD d Power supply = = ni 
GND Ground 


TC5366P 


PRELIMINARY 


operated system. 

The TC5366P is an asynchronous type ROM 
and has a programmable chip enable input for device 
selection and device power saving. 

The TC5366P is moulded in a 24 pin standard 
plastic package. 


e Fully Static Operation E 

e Programmable Chip Enable: CE/CE 

e All Inputs and Outputs: TTL Compatible 
e Three State Outputs 

BLOCK DIAGRAM 


Vpp GND 


TT BI 


8,192 x 8 bit 
Memory Cell Array 


ADDRESS INPUT BUFFERS 


ROW DECODERS 


TOSHIBA 


MAXIMUM RATINGS 
‘SYMBOL — ITEM | RATING ] UNIT 
Мор Power Supply Voltage —0.5 ~ 7.0 vo 
pe VN Input Voltage -05-.70 V 
| Vout | Output Voltage =| O~ | V 
Pp Power Dissipation 10 | w 
Торг | Operating Temperature 1 2 —40-— 85 `° 
+ — — н 
Тед Storage Temperature —55 ~ 150 kS 
TsoLDER | Soldering Temperature - Time T 260.10 С . sec 
D.C. OPERATING CONDITIONS (Та = —40 ~ 85°C) 
г SYMBOL PARAMETER MIN E MAX | UNIT 
—— == = —À 
Уор Power Supply Voltage 45 5.5 V 
| Мін 4 Input High Voltage nes 22 Vpp * 0.3 V 
Vit | Input Low Voltaqe -03 08 V 
D.C. and OPERATING CHARACTERISTICS (Та--40- 85°C, Vpp = 5V +10%) 
SYMBOL PARAMETER CONDITIONS MIN. I MAX UNIT 
lin Input Leakage Current OV < Vin € Vpp - +1.0 | ША 
“te Output Leakage Current | OV € Vout € Мр - | +05 Т HA 
| lon | Output High Current | Vou = 24V ero | = | m 
| lot Output Low Current | VoL = 0.4V 2.0 - | тА 
паза | | (CE, Мн) = 22V 
Ippo1 | (CE, Vi.) = 0.8V _ 10 mA 
е 1сүс = 105 | 
| о t | 
=== perating Curren | (CE, Via) = Voo —0.2\/ + 
Ippo2 (CE, Vj) =0.2V - 7 тА 
Е in p 8 1 tcyc = 105 
(CE, Мн) = 2.2% 
Ippsi | (CE, V4) = 0.8V - 2 mA 
Sindee ë Output = OPEN 
— an rren - 
с. (CE) = 0.2V, (CE) = Vpp —0.2V | 
lpps2 Vin = OV ~ Мор = 20 uA 
Output = OPEN 
L. — 
CAPACITANCE* (Та = 25°С, f = 1MHz) 
SYMBOL M . PARAMETER CONDITIONS MAX. UNIT 
Cin Input Capacitance IN = 8 р 
_ Cour 1 Output Capacitance | Vout = OV [= 10 pF 


*This parameter is periodically sampled and is not 100% tested. 
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А.С. CHARACTERISTICS (Та = —40 ~ 85°C, Vpp = 5V +10%) 
SYMBOL ља PARAMETER O | MN | MAX UNIT 
ТАСС _ i Access Time e l _ 250 | ns 
L tce Chip Enable Access Time | = 250 ns 
tcED Output Disable Time from CE 0 90 | ns 
| ton EF | Output Hold Time / SIS D. - - | ns 
tcvc Cycle Time 250 - ns 


A.C. TEST CONDITIONS 


Output Load: 
Input Levels: 


Input: 
Output: 
e Input Rise and Fall Time: 


TIMING WAVE FORMS 


Ао ~An 


СЕ/СЕ 


Do ~ 07 


OPERATION MODE 


100pF + 1 TTL 
Vit = 0.6V, Мн = 2.4% 


Timing Measurement Reference Levels 


0.8V, 2.2V 
0.8V, 2.2V 
5ns 


MODE 


CE (CE) 


ү _Output_ I 
m Е 


Read H(L) _ Valid | 
Output | H High-Z 
Deselect | Ын) ы 


Note: H: Мн, L: МІ 


= 0h == 


OUTLINE DRAWINGS 


x 
< 
> 
ч 
ч 
123456 7 89101112 
< 
32.4 MAX 15.24 TYP 
- = pT 
10° о | 
| 
25 t0.05 


2.54 + 0.25 1.4 £0.15 


0.5 £0.15 


Note: Each lead pitch is 2.54 mm, All leads are located within 0.25mm longitudinal position with respect to No. 1 and 24 leads. 
All dimensions are in millimeters. 


Note Toshiba does not assume any responsibility for use of any circuitry described. no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry 
© Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TC53256P 256K BIT (32K WORD x 8 BIT) CMOS MASK ROM 


SILICON GATE CMOS 


DESCRIPTION 


The TC53256P isa 262,144 bit read only memory 
organized as 32,768 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC53256P using CMOS technology is most suitable 
for low power applications such as battery operated 
system. 

The TC53256P is a synchronous type ROM 
which is consisting of address latch circuit, static 
memory cells and clocked peripheral circuitry. 


FEATURES 


Single 5V Power Supply: 5V 
Access Time: 350 ns (Max.) 


e Power Dissipation 
Operating Current: 15тА (Max.) 
Standby Current: 20шА (Max.) 


Pin Compatible with 256K NMOS ROM 
TMM23256P 


PIN CONNECTION 
CS/CS /NC 
An 
Ал 
Ав 
As 
Aa s 
Аз ш 
A2 Ж 
Ai É 
Ao 
Do 
Di 
D2 
GND[]14 
PIN NAMES 
Ao ~ A14 Address inputs 4 
Do ~ Оз Data outputs 
CS/CS Chip select input | 
| NC No conection _| 
| СЕ Сһір enable input 
OE Output enable input 
Мр Power supply | 
GND E Ground 


TC53256P 


PRELIMINARY 


The CE falling edge latches all inputs except for 
CS/CS and OE. 

The TC53256P has a programmable chip select 
input (CS/CS, optional) for device power saving, 
one chip enable input (CE) for device selection, 
and one output enable input (OE) for fast memory 
access and output control. 

The TC53256P is moulded in a 28 pin standard 
plastic package. 


e Edge Enable Operation: CE 
e Address Latch Type 
e Programmable Chip Select Input: CS/CS/NC 
* All Inputs and Outputs: TTL Compatible 
e Three State Outputs: Wired OR capability 
BLOCK DIAGRAM 
VoD GND 
| | Do Di D2 D3 D4 Ds Dé D7 
== о 9 | mw T. m 
СЕ 
ОЕ 
Ao 
Al 
A2 COLUMN DECODERS 
A3 a a 
Aa E І 
As n Ë 
Ав 2 4 = 
A3 2 8 с 
ш a 
Fa 5 á 8 3,2768 x 8 
* a 2 u MEMORY CELLS 
A10 « a 
An Š 
An Ы 
^13 
Aw 


TOSHIBA 


MAXIMUM RATINGS 
SYMBOL ` ITEM ` RATING UNIT 1 
Voo Power Supply Voltage -05--70 V ü 
Vin Input Voltage —0.5 ~ Мор + 0.5 v 
Vout Output Voltage 0 — Мр M 
PD Power Dissipation 0.8 w 
Тед Storage Ternperature —55 ~ 150 I "C = 
Topr Operating Temperature —40 ~ 85 "C 21 
Tsld Soldering Temperature - Time 260.10 °C - sec 
D.C. OPERATING CONDITIONS (Та = —40 ~ 85°C) 
SYMBOL PARAMETER | MIN [ TYR, _ MAX UNIT 
Мор Power Supply Voltage I 45 5.0 ` 5.5 V 
Мн Input High Voltage | 2.2 - Voo + 0.3 V i 
ML Input Low Voltage -0.3 = 08 É M. 2) 
D.C. and OPERATING CHARACTERISTICS (Та = —40 ~ 85°С, Vpp = 5V + 10%) 
SYMBOL | PARAMETER CONDITIONS || MN. | MAX | UNIT 
ТЕ Input Leakage Current Vin =O~ Мор | == | +10 uA 
CS = Мі (CS = Мн) or 
по Output Leakage Current | CE = Мн or OE = Viy - +1.0 HA 
| Vout = OV ~ Vpp | 
Іон Output High Current Мон = 24V -1.0 - тА 
lov Output Low Current VoL =0.4V — ] = _ 20 | mA 
CS = OV (CS = Vpp) or ч 
lops Standby Current | СЕ = Vpp and Vin = OV (Мор) 80 BA 
орот ноби Vin = VIH/VIL , teycle = 105 = 25 mA 
f. ni г [ 
Ippo2 m Vin = Vpp/OV, tcycle = 105 = 15 mA 
CAPACITANCE*  (f- 1MHz, Ta = 25°C) 
SYMBOL | PARAMETER MIN MAX. u UNIT 
Cin Input Capacitance - 10 pF 
CouT Output Capacitance Е 10 pF | 


* This parameter is periodically sampled and is пот 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS 

[symBoL | PARAMETER [ MN. [ MAX | UNIT 
icvc Cycle Time | i | 450 | - ns 3 
tACC | Chip Enable Access Time xii - | 350. | | 
toe I Output Enable Access Time Ї = 120 | ns | 

Es top Ж | Output Disable Time | 0 | 100 | ns | 

Г tcp | Precharge Time | 90 - ns | 

B ‘tas Е | — Address Set-up Time B c P | 50 | = | ns 

= aa | Address Hold Time | 50 | = | ns 
tess | Chip Select Set-up Time | 50 | _ | ns ] 


Note 1: Assumes that OE delay time to CE 2 tacc — toe 
Note 2: Top is specified from CE, OE or CS/CS trailing edge, whichever occurs first. 


AC TEST CONDITIONS 
e Output Load: 100pF + 1TTL 
e Input Levels: 0.6V, 2.4V 
e Timing Measurement Reference Levels 
Input: 0.8V, 2.2V 
Output: 0.8V, 2.2V 


e Input Rise and Fall Time: 5ns 


TIMING WAVEFORMS 


teyc — 


DON'T CARE 


Ao ~An 


STABLE y 
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OPERATION MODE 
[ море | emm | x | т | Asa [| Onus | 
| Read 1 H(L) [f Sa | Valid Data out 
| Ë L(H) | = Em. jen nl 
Output Deselect | Ы | Ho E * | High Z 
= - H = 


Note: H: Vip, L: Vi, *: Мүң or Vip 
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OUTLINE DRAWING 


Unit: mm 
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Note: Each lead pitch is 2.54 mm. 
All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 


Note Toshiba does not assume any responsibility for use of any circuitry described. no circuit patent licenses are implied. and Toshiba reserves 
the right, at any time without notice, to change said circuitry 
© Apr., 1983 Toshiba Corporation 
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The information in this guide has been carefully checked and is believed to be reliable, 
however, no responsibility can be assumed for inaccuracies that may not have been caught. All 
information in this guide is subject to change without prior notice. Furthermore, Toshiba 
cannot assume responsibility for the use of any license under the patent rights of Toshiba or 
any third parties. 


Printed in U.S.A. 


